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ARMY SERVICE FORCES
THE ENGINEER BOARD
FORT BELVOIR, VIRGINIA

NI

FILENO. 400.,1 (WSS 530)

SUBJECT: Transmittal of Engineer Board "Report 940, Acid Extraction -
Ion Exchange Recovery of Cinchona Alkaloids, Process and
Plant Development"

TOs Chief of Engineers, Ues S. Army
ATTENTION: Research and Development Division

l. Transmitted herewith is Engineer Board "Report 940, Acid Ex-
traction - Icon Exchange Recovery of Cinchona Alkaloids, Process and
Plant Development," dated 8 June 1945, which was prepared by officers
of the Army Liaison Office, Foreign Economics Administration, Cinchona
Research Unit, and the Technical Staff of the Engineer Board, and has
been considered by members of the Engineer Board.

2., This report covers the research and development of a process
and portable plant for the field extraction of cinchona alkaloids.

3. The report concludes that acid extraction of cinchona alkaloids,
followed by ion exchange recovery, is an efficient process from both an
economic and logistic standpoint; that the process can be carried on in
a completely portable extraction plant; that acid extraction followed by
alkali precipitation is a usable process where the efficiency and logis-
ties of the method are not controlling factors; that the end product of
either of the above methods constitutes a usable antimalarial; that the
aclid extraction - ion exchange process is directly applicable to the ex-
traction of most of the usable alkaloids; and that the component parts
of the field unit have funotioned satisfactorily when used individually
for other comparable purposes, but that the unit as a whole should be
subjected to rigid field tests.

4. The Engineer Board conocurs in the recommendations of the report,
namely, that:

‘as The two existing pilot plants designed and constructed at
the Engineer Board be subjected to a rigorous field testing program by
the officers of the Cinchona Research Unit.

be. In conjunction with this field testing, a field manual
covering the extraction process and the operation and maintenance of
the portable plant be written during pilot plant operation and trans-
lated into the required languages, '

ce Research on ion exchange capacities now in progress at the

Engineer Board be carried _




5. An advance letter report on the subject development was sub-
mitted by the Board on 20 Juns 1945 in the interest of permitting ex-~
poedited action to be taken with respect therato prior to the submission
of the complete report. The attached completed report is consistent
"with the advance letter repart previously sutmitted and contains the
conolusions and recommendations made therein.

FOR THE BOARD:

.. _:;‘ﬁ._%/_
1l Incl. (in dup) JOHN W. N. SCHULZ

Report as above Brigadisr General, U. Se. Army
President
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LONPIDENTIAL

ACID EXTRACTION - ION EXCHANGE RECOVERY
OF CINCHONA ALKALOIDS

PROCESS AND PIANT DEVELOPMENT
I. SUBJECT

1. Subject. This report covers the research and development
of an extraction process and a portable plant for the field extrac-
tion of cinchona alkaloids.

II. AUTHORITY

2. Authoritye. This project was initiated by letter from the
Engineer Board to the Chief of Engineers dated 6 October 194k, file
L00.1 (WSS 3L46), in which it was stated, in part, "...that facilities
and technical assistance be made available for development of equip-
ment and processes in connection with field production of quinine."
The program was approved by 3rd indorsement, dated 26 October 19,
to subject letter from Army Service Forces to Chief of Engineers.

The following extract therefrom authorizes the work: ™Authority is
granted to carry out the development program as outlined in the basic
lstter under Work Order No. DWS 3089."

III. INVESTIGATION

3. Personnel. The Acid Extraction Research end Development
Program, under the direction of Major Robert Lee Kaye, CE, commanding
officer of the Cinchona Research Unit, was carried out by Lt. Silvio
E. Ronzone and a staff of laboratory assistants as follows:

Dr. H. M. Moulton, Analyst, F. E. A.
S/Sgt. Jaspar T. Boons, Research Asst.
S/Sgt. William M. Kerr, Research Asst.,
Sgt. Frank A. Baleri, Research Asst.

Mr. Myron S. Mason, Engineer (Civil), Engineer Board, contributed
to the design and testing of mechanical equipment and distillation
technique. Mr. Norman Applezwelig was employed as a special consult-
ant on ion exchange technique. Capt. Henry Withers, CE, Frgineer
Board, acted as consultant on mechanical equipment, fabric tanks,
filtration methods, etc. Mr. Ernest H. Sieveka, chemist, Engineer
Board, carried on a special research program involving nitrogen
determinations as applied to assays of alkalold concentrates.

A, THE PROBLEM

L. General. Though the cinchona species from which quinine
and its associated alkaloids are extracted is indigenous to Latin
America, the Dutch, throu loitation of their Java

' ’ By R
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plantations, have completely dominated the field of cinchona alka-
loid production for many years. War in the Pacific cut off this
source of supply to the Allies, who were forced to turn to lLatin
America for their antimalarial alkaloids.,

a, Increased Demand for Antimalarials. The few small
extraction plants operating in Latin America, plus the small amounts
of bark that were being exported at the time, were wholly inadequate
even so far as normal demands were concerned. At the same time, the
demands for antimalarials had increased enormously due to military
operations in the malarious areas of Asia, Africa, and the Pacific
Islands. The resulting "slaughter harvest" of cinchona bark from
the wild stands of Latin America soon exhausted all the relatively
accessible supplies, and the "quineres" were forced to go farther end
farther into the almost impenetrable rain forests of the Andes in
search of drug-bearing bark.

b. Labor and Transportation, In these all but trackless
high-altitude jungles unprecedented problems of transport and supply
have been encountered. In several areas all the bark harvested has
to be packed for two to three days on the backs of natives before a
mule trail is reached. This has crealed an acute labor problem in
these sparsely popvlated localities, since two or three men are re-
quired to pack the bark that one man caa harvest. Another problem
has arisen through the necessity for operating in regions where
reinfall is virtually incessant. Here it is found to be impossible
to dry the bark by natural means. The quality of the species found
in some of these rainy areas, Cinchona plitayensis, which is valued
for its high percentage of quinidine, has made 1t worth while to work
them in spite of the fact that the bark cannot be sun dried. From
the Pacific side of the western Cordillera much of {he bark has to be
carried out undried, thus cutting the pay load per man by about 66
percent (most green barks have a moisture content of about 66 percent);
in several places dehydrators are being built at considerable cost.l

c. Cost., Though the Latin American Republics pioneered
the cinchona industry and the use of antimelarials, the gradual de-
cline of the industry on that continent left them unable to supply
even their own antimalariael needs. At the same time, through mono-
polistic control, the cost of cinchona alkaloids was raised far above
the level at which the average worker could afford to treat himself
for the disease.

With the resumption of activity in the field of alka=-
loid production, these republics have become aware of the opportunity
egain to resume their work in the field of social betterment through
the distribution of low cost antimalarial drugs to the workers in
disease infested regions. In their efforts to gain control of the

1. See Appendix B, Cinchona Producing Areas of Ecuador, Colombia
and Peru.
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malaria problem, the Latin American republics are receiving all
possiblie aid from the Department of State of the United States of
America and from the Office of the Coordinator of Inter-American
Affairs.,

d. Inter-American Relations. Since it had become ap-
parent in the earliest stages of acid extraction research that the
end product could, without an elaborate refining process, be put
into the form of a usable and effective antimelarial, the Office of
the Coordinator of Inter-American Affairs beceme interested and,
through the Office of the Chief of Engineers, requested that the
Engineer Board assemble & field extraction unit to be used in demon-
strating the process and technique of alxaloid. production.

The investigation, then, haes been undertaken for the
dual purpose of alleviating the transportation problems of cinchona
production and uf providing an easy, inexpensive method of producing
antimalarials for local consumption.

B. ALKALOID EXTRACTION

B Methods of Alkaloid Extraction. Several methods of commercial
extraction of cinchona alkaloids are now in use.

8. Solvent Extraction Methods. The most common method
of solvent extraction is to mecerate dry, finely ground bark in a ball
mill or some other tumbling device with a quantity of hot solvent mate=
rial, such as kerosene or diesel oil. All the alkaloids are soluble
in these o0ils both in the form of their salts and as the natural base.
With a sufficient amount of maceration, as high as 95 percent of the
available alkaloids can be extracted. Recovery is made by draining
the o0il off the bark, which is then discerded, after which a quantity
of acid solution is added to the o0il and the mixture again tumbled or
agitated. The alkaloids are thus converted to their salts of the
acid, and go into solution in the water phase of the mixture from
which they are recovered by crystalization or precipitation. Another
common method is soxhlet extraction with alcohol, and recovery by means
of distillation,

Neither of these methods is arplicable to the use cf
fresh bark. In oil extraction, the oil is immiscible with water end,
in consequence, the surface of the bark particles cannot be penetrated
by the solvent. Alcohol, on the other hand, is completely miscible with
water, so that the moisture from fresh bark dilutes it to a point where
it is not an efficient solvent.

b. Acid Extraction Methode Acid extraction functions
through converting the elkaloids in the bark into their saits of the
acid used. In this state they are rather easily dissolved in water.
Following the extraction, recovery is made by either of two methods:
precipitation fram solution by the addition of a strong alkali, or

-3



adsorption directly from the acid solution by an ion exchenger.
The acid extraction method is equally efficient for either dried
or fresh bark, and extractions of as high as 93 percent have been
attained.

Since the acid extraction method was the only one
suitable for portable plant operation, it was on this basis that the
preliminary work was undertaken.

C. PRELIMINARY WORK

6. Laboratory Experiments at Rutgers College of Pharmacy.

The fact that the alkaloid content of wild cinchona bark varies wide-
ly creates a serious problem in the matter of procurement, since the
purchaser has no ready means of making even rough tests for alkaloid
content in the field. Accordingly a series of experiments was under-
taken at the Rutgers College of Pharmaecy in an attempt to elaborate
an acceptable field method of analysis. Among other things, acid ex-
traction was tried. Though the results obtained were not consistent
enough for the purpose in mind, the fact that more than 80 percent of
the total alkaloid content could be so extracted immediately suggested
the use of the methcd for large scale work. Accordingly, a group of
experiments was undertaken which prepared the background for the in-
vestig?tions in Latin America and at the Engineer Board. (See Appen-
dix B.

7. Field Experiments in latin America. Since the Ru*gers ex-
periments were sufficient to establish the general feasibility of
acid extraction it was further reasoned that the process might work
with undried bark, since the nature of the solvent liquid, water solu-
tion of acid, permitted its use under these circumstances. If fresh
bark could be extracted the costly and tedious task of drying would be
automatically eliminated. Also it would seem feasible to eliminate
the grinding process in the use of fresh bark since the fresh material
retains its vascular structure more or less undamaged and hence might
well be processed in the form of small "chips". On the basis of this
theory the Latin America experiments were carried out. (See Appendix B.)

8. Development of the lon Exchange Process. From the Latin
America and Rutgers investigaticns a method of extraction by means
of successive macerations in acid followed by precipitating the alka~
loid from acid solution by means of & strong alkali was formuleted.
Lowever, analysis of the process indicated that it was not well adap=
ted for commercial-scale, portable plant operation, since it permits no
recovery of chemicals used.

A single experiment which had bsen left under way at Rutgers
while the Letin Americar research was being carried on produced results

-l
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of a very positive nature. 2 An analysis of the experiment on the
basis of expanded laboratory date® seemed to point the way to & pro-
cess more readily aﬁaptable to field operation han the alkali pre-
cipitation method. This experiment was based upon the fact that
alkaloids in general behave to & marked degree like cations when pre-
sented, in acid solution to an ion exchange adsorbent. From this and
succeeding experiments conducted at the Engineer Board, the process
and field plant as now conceived were developed.

D. ICN EXCHANGE PROCESS

9. Laboratory Development of lon Exchange Process and Equip-
ment. A group of experiments designated as the EB2 series was set
up at the Water Purification Laboratories of the Engineer Board. The
series consisted of EB2-1 to EB2-7 which were for the purpose of try-
ing various means of setting up apparatus, regenerating and stripping
the ion exchange units, circulating and stirring the solvent through
the mass of bark. EB2~8A to 8C were an attempt to make three similar
extractions under closely controlled conditions. EB2-8 and EB2-8D
introduced variations in the mstter of flow rate, stirring time and
total maceration time. The EB2-8 series also furnished data when
aided in determining the type of plunt set-up that would be required
for continuous operation. This is governed primarily by the length
of time required to arrive at a suitable percentage of extractions
for since the type of operation planned makes the dally use of a pre-
determined amount of bark desirable, it may be seen that a 72-hour
macerating time would require three macerator units, a L4B-hour period,
two such units and a 24-hour period, only one.

a. Maceration of the Bark. In experiments EB2-1 through
EB2~8C a one-tenth scele vinyl-coated canvas tank of 25-gallon capa-
city was used. Later a one and one-half cubic foot filter shell
of monel metal was used (Fig. L). This was fitted with the bottom
from the canvas percolator bag used in the small canvas tank, held in
place by a gasket made of rubber tubing (Fig. 2). At the end of an
extraction the entire mass of bark was removed from the tank, washed
on a suction filter, dried, ground through a LO-mesh screen and an
assay sample taken by successive quartering.

b. The Ion Exchange Reaction. The function of cation
exchange in the extraction of alkaloids may be illustrated by the
following hypothetical formula, wherein the alkaloid ion is repre-
sented by the symbol N, the ion exchanger by ZE, and the substituted
cation by M.

N.Hx + EEOZN.HZQ * HEx

2. See Apvendix A, Z¢oKarb X Adsorption Experiment.
3 See Appendix A, Preliminary Report by Norman Applezweig, Consultant,
L« See Appendix B, Review of Acid Extraction Research Program.
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The above diagrams the function of the ion exchanger in adsorbing
the alkaloid ion from the acid solution. The release of the acid
molecule maintains the concentration of the solvent solution by its
being pumped back into the macerator tank. Following the alkaloid
adsorption phase, the alkaloid is removed from the ion exchanger by
putting the system into en alkaline condition. In this state the
exchanger will adsorb other cations by preference, releasing the
alkaloids in the form of their natural base. The reaction in the
alkaline phase may be diagrammed as follows:

N.HZe + MOH &= Mle ¢+ N ¢ HOH

Through trial and error it has been finally established that epprox-
imately complete regeneration of the 3%-11ter ion exchange columns
used in the laboratory ocan be obtained by passing 12.0 liters of 0.5N
(Normal) hydroxide or acid through at a rate not to exceed 300 cc/min.
Sodium hydroxide has proved to be the best alkali regenerant; it is
widely used and therefore eesily obtainable, while in effective weight
it is more efficient than either NH, or sodium carbonate, the other
two chemicals tried. In addition, toth of these latter substances
rule themselves out through having adverse chemical properties such as
the liberation of COp by sodium carbonate when brought in contact with
acid.

Though several commercial acids are satisfactory as
a solvent for cinchona alkeloids, sulphuric seems to rule the others
out on the strength of logistics alone. Not only does it have a
considerable advantage in the matter of effective weight, but it can
also be transported in steel containers when in its concentrated
state. Though sodium bisulphate has the advantage of being a solid,
its use is not feasible because of its high equivalent weight and
because of the fact that its sodium component increases the difficulties
of the ion exchange process.

ce Circulation of Alkaloid Solutions. In view of the nature
of the operation to be undertaken, it was early decided that the em-
phasis would be placed on upflow circulation through the ion exchange
units (Fig. 2). It was reasoned that in upflow operation there would
be but little more tendency for channeling to take place than in down-
ward circulation, However, there would be no opportunity for bark
particles passing through the pump to form & cake on top of the ion
exchange material with resulting back pressure. Downflow operation,
tried during experiment EB2-7, was found to be feasible except for
the very definite tendency toward formation of a cake on top of the
ion exchanger. During operation of the scale model, flow rates were
determined largely by the nature of the equipment, and it was found
that a maceration which in its initiel stages produced a concentra-
tion that limited the flow rate to 500 cc/min or less might, at the
end of the extraction, permit rates as high as 3000 cc/hin. In general,

8-
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the flow rate obtainable increases ip inverse proportion to the con-
centration of the ion being removed. The thoroughness with which
the circulated solution comes in contact with the ion exchanger in
a given time depends largely on the height, diameter, and bottom
construction of the container. In upflow operation the maximum
flow rate, as in the case of the scale model, may be governed by
the point at which bed material begins to pass through the top out-
let, rather than by the speed of the exchange reaction.

de Stripping the Ion Exchanger.- At the end of an ex-
traction, or when an ion exchange bed has become loaded to a polnt
where no observable reduction in alkaloid content appears in a solu-
tion being passed through it, the bed must be regenerated and
stripped. The regeneration is done according to the method il-
lustrated in paragraph 9a, above, Having released the alkaloids
in the form of their natural base, it remains to strip them from the
column. Time requirements and general efficiency of operation make
it desirable to strip the beds without drying them out. This re-
quires a solvent that is completely miscible wi th water and in which
the cinchona alkaloids are soluble. Alcohol is the most readily
available solvent possessing these qualities. Commercial ethyl
alcohol of 180° proof was used for all experimental extractions
except EB2-8 and 8D, where methyl alcohol was used. It was found
to be very difficult with the apparatus at hand to bring the proof
of methyl alcohol back to a point higher thean 14,0° and, considering
its other undesirable qualities, such as the toxicity of the fumes,
its use was abandoned. Stripping of the columns is accomplished by
first introducing upflow to the drained ion exchange bed enough alco-
hol to fill the voild spaces of the ion exchange medium; this amount
serves to remove most of the remaining water from the surface of the
particles. Following this, enough alcohol to fill the column, plus
a small excess to provide a reserve for the pump, is introduced.
This quantity is then circuleted for two hours upflow, finally being
drained off downflow. Another quantity, again equal to the bed cap-
acity, is introduced upflow and, after being displaced by an upflow
of water, is removed at the top of the bed. Following this procedure
the beds are washed for ten minutes by an upflow of water at a rapid
rate to remove any remaining alcohol, small particles of bark, and
further to redwe the pH of the bed in preparation for acid regener-
ation,

6. Concentration and Distillation, Removal of the mixed
alkaloids from alcohol solution was accomplished by means of distile
lation, Seve—~al types of concentrator stills, all operating on the
same basic principles, were fabricated and tested. In principle, the
still consists of an evaporator unit immersed in a water bath and
provided with a device which distributes an even flow of the solution

$ F. C. Nachod and W, Wood: "The Reaction Velocity of Ion Exchange,®
Jour. Amer. Chem. Soc., LXVI (194), 1380.
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to be concentrated over the interior surtace of the evaporator

unit. Evaporation takes place as the fluid passes over this sur-
face, the flow rate being so regulated as to bring the concentrate

to the bottom of the unit in a fluid condition. The bottom of the
concentrator is fitted with an outlet through which the concentrate
can pass to the outside. The top is fitted with a steam collector
dome through which the alcohol vapor is conducted to the condenser
worm. Variations inthe design were limited mainly to the shape of the
evaporation unit and the means of distributing the flow of alcohol
over its surface. It was found desirable to have an amount of water
mixed with the alcohol solution sufficient to assure bringing the
alkaloids and other materials to the bottom of the still in aqueous
suspension. Concentrates from solutions containing little or no
water were of so sticky a nature as to clog the concentrate outlet
and to cause the fluid to back up in the evaporation unit, Ordi=-
narily this is no problem, since in operation the alcohol proof cannot
be held higher than 170°; however, when starting on a fresh lot of
alcohol it is necessary to mix the fluid from the first and final
washes with the circulated alcohol to raise the water content of the
lot. Fluid concentrates from extraction of dry bark vary in color
from brick red to almost black; in consistency they are generally
quite sticky and contain varying quantities of suspended matter
which, according tc the alcohol content, may or may not precipitate
upon cooling. The concentrates are always alkaline in reaction, hav-
ing usually a pH of about 8 or 9. At this pH nearly all the alkaloid
should be precipitated, but this is found not to occur, the material
apparently being retained in colloidal solution (svspension). For
this reascn it seems necessary to evaporate all c' icentrate liquids
to dryness.

The concentreting and eveprorating irocess is compli-
cated by the fact that temperatures above 80 C, i applied for any
length of time, may result in considerable damag- to tHe alkaloids.
The use of a water bath still is the best means .f temperature con-
trol consistent with field operation in jungle conditions. The fact
that the proposed operations are to be carried on at eltitudes as
n.gh as BOOO feet above sea level considerably lessens the danger of
damage to the alkaloids through its effect in lowering the boiling
temperature of water. 1Inaddition, the liquor passes through the
still so rapidly that it is generally recovered at the boiling temp-
erature of alcchol rather than at the temperature of the evaporator
walls,

f. Drying Concentrates. Final evaporaticn of the liquid
cencentrates to dryness was acccmplished, for laboratory purposes, in
flat iron pans placed in a constant temperature over at 70 to 75 C.
An improvised forced circulation system thrcugh the oven shortened
the required evaporation time by about 50%. In general, it was ob-
served that liquid concentrate of relatively high alcoholic proof
produced & hard, glazed, dark brown materisl upon drying. Liquid
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RECTIFICATION OF CONCENTRATES

COLD PROCESS, PRECIPITATED FROM IN H,SO,
AT PH 9 BY NoOH, TOTAL VOLUME 3,000 CC.

WA. crude u!ot_oilol ] (_5mm|7 50.015
Wt. atkoloid in crude moterial " 38.1038 |
Tolo! solids recovered " 31.0396
Wt. of oikolold recovered i 29.3635
Wt of olkalid remaining in solution * 8.7403
Percentage recovery 77.06
ASSAY DATA
Crude Totoquine Refined Totaquine
TA* 76.19% TA *94.60%
ASH=*5.38%

COLD PROCESS, PRECIPITATED FROM IN HC |
AT PH 9 BY NHqO0H, TOTAL VOLUME 3,000 CC.

W1t. of crude material Grams 50.0047
Wt. of olkaloid in crude material " 380986
Total solids recovered " 32.116 6
W1t of olkoloid recovered v 29.6468
Wt of dkeloid remeining in solution " 8.4518
cenfoge recovery — 78.71
ASSAY_ DATA
Crude Totoquine : Refined Totaquine
TA =76.19% ASH - 4.15%

HOT PROCESS, PRECIPITATED FROM HOT (80-90°C.) MC |
AT PH 9¢BY NoOH,TOTAL VOLUME 3,000 CC.

Wi, of crude moterial Groms 50.0028
Wt. of alkoloid in crude material i 38.097!
Tota! solids recoversd d 26.5680
Wt. of olkaloid recovered i 24.5435
Wt. of olkaloid remadining in solution i 13.5536
Percentoge recovery 64.42
ASSAY DATA
Crude Totaquine Refined Totoquine
TA = T76.19% TA =92.38%
ASHs 8.2%%

FiG. 3, TABULATION, RECTIFICATION OF CONCENTRATES
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concentrates with a high percentage of water produced red to pink
dry material of a consistency ranging from granular to crystaline.

g. Rectification of Concentrastes. In general, the above
concentrates will have & mixed alkaloid content of about €0%. This,
considering the origiral bark to have hed a total alkaloidal content
of 5% of its dry weight, reoresents a concentration of 93% which,
from a logistics standpoint is excellent. However, one of the aims
of the process is to produce & usable antimalarial, so a further
rectification is desirsble.

To accomplish this purpose a simple process of dis-
solving in acid and selective precipitation was developed. After
precipitation by means of an alkali, some of the alkaloid unavoid=-
ably remains in solution. To remove this material, which otherwise
would be lost, the ion exchange process is again brought into use.
The residual liquors are merely re-acidified, such dark colored
materials as have been removed selectively are re-dissolved, and
the whole passed through e small ion exchanger. By this means
losses may be reduced to a fracticn of cne percent. The totaquines
thus produced vary in color from white to buff and in total alkaloid
content from 85% to over 95% (Fig. 3). The process may be carried
on in the field or at some central concentration point, whichever
proves most convenient,

10. Results of Laboratory Scale Model Experiments. The scale
model plant operation involved a group of eleven experimental extrac-
tions. Experiments EB2-1 through EB2-6 were undertsken lesrgely for
the purpose of settling upon a standard operational procedure. Ex-
periments 8 through 8D constitute the basis for establishing the
efficiency and, to some extent, the logistics of the ion exchange
process as applied to cinchona alkaloid extraction.?

In addition to determining the probable efficiency of
the entire process, it was necessary to arrive at a basis for stand-
ardizing on an alkali regenerant and to find a means of using it.
The subject of alcohol stripping with regard both to quantity of
solvent and method of use was explored, and finally the treatment
and refining of the final product was elaborated.

All extraction and recovery percentages were based on
assays of original and extracted bark samples and of the concen-
trates produced. Various modifications of the Dutch titration
method for determinaticn of total elkaloid percentage were used
throughout. Since the relative percentages of the four commer-
cially important alkaloids would, in any case, depend on the kind and
quality of the bark used, it was not considered necessary to eval-
uate them separately. Past exveriments in acid extraction indicate

5. See Appendix €, Data Sheets.
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that no preferential extraction of the various alkaloids is to be
expected.6 A statement of the Dutch titration method, the several
modifications used, and the reasons for such modification are in-
cluded in Appendix C.

Tests of fluids to determine the presence of alkalcid in
solution were made by means of Mayer's reagent. This is a mixture
of potassium iodide and bichloride of mercury which, in the presence
of most alkaloids in acid solution, forms a white to yellow precipi-
tate. The standard method of performing the test was to introduce
one drop of the reagent into one-half cubic centimeter of the fluid
to be tested. In the case of alcohol, benzol, or other nonaqueous
substances, a measured quantity of the fluid was evaporated to dry-
ness, the residue shaken up in an equal quantity of dilute acid and
a portion taken for testing. Alkaline aqueous solutions were made
acid by adding concentreted acid dropwise until the alkelinity had
been overcome.

a. Alkali Regenc.ants. On the theory that some damage
to the alkaloids might result from the use of a strong alkeli such as
sodium hydroxide, attempts were made to use weaker or more easily con=
trolled chemicals. The object in alkali regeneration is to present
to the ion exchanger, while in alkaline condition, a cation which,
under this condition, it will accept readily in exchange for alkaloid
ions.7 Obviously, the introduced cation has to be present in concen-
tration sufficient to replsace all the alkaloid ions to be recovered.
In consequence, the hydroxyl ion concentration remaining in solution
will be as great as the cation concentration retained in the ion ex-
changer. I!‘>wever, the source of danger lies in the further concen-
tration thet occurs in distillation. Here, the alcohol used in strip-
ping the ion exchange beds is reduced to one tenth its original volume,
and any hydroxyl ion concentration in alcohol sclution or in the water
admixture is correspondingly increased; accordingly, both sodium car-
bonate and ammonia were tested.

Sodium carbonate was first used in EB2-1, and immedi-
ately demonstrated the impracticability of its use by causing so
great an effusion of CO, as to interfere seriously witn operation of
the column. Since it is not possible completely to saturate the ion
exchange bed with alkaloid, there will always be present, at the end
of an acid cycle, a certain percentage of the ion exchanger still
bearing its hydrogen ion charge. As long as this situation exists,
& certain amount of CO, will be evolved. A method of inducing the
greater portion of the gas effusion to texe place in an open reservoir
outside the circulatory system was effective in reducing the gas accu-
mulation within the system, but it failed to produce adequate regenera-
tion; therefore, the use of sodium carbonate was abandoned.

6. See Appendix B, "Acid Eatraction of Cinchona Bark" by Arthur W. Walde.
7. See Appendix C, "Consultant's Report."
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In some of the preliminary ion exchange experiments
a combination alkali regenerant and elutriation solvent was made
by dissolving anhydrous ammonia in ethyl alcohol.8 1In spite of
certain apparent disadvantages the process had sufficient attrac-
tive features to warrant its further trial. The most important
adventage to be realized from the use of ammonia as an alkali regen-
erant is that any excess concentration would be driven off in vapor
form during distillation. Experiment EB2-6 used aqueous ammonia as
an alkali regenerant, and resulted in so effective a demonstration
of its disadventages that, in consideration of the further difficul-
ties presented, it was abandoned.

Experiments EB2-2 through EB2-% were used to develop
the method of regeneration by means of sodium hydroxide. An initial
trial of double the calculeted ion capacity Qf ZeoKarb passed through
the column at 600 cc/min proved effective. An attempt to cut the re-
generant down to the quantity actually required to fill the bed to
capacity and to obtain its full use by recycling through the circula-
tion system produced an equilibrium far short of adequate regeneration.
A return to pessing through the system at 600 cc/hin a quantity of re-
generant of twice the calculated capacity again proved effective. Since
in field operation it will be necessary to regenerate the ion exchange
columns separately, this procedure was made a part of routine operation
in experimental extractions. As the benefit of counter current ad-
sorption is not realized in single column regeneration, some waste of
the regenerant solution was to be expected. To reduce this loss to a
minimum the standard regenerant flow rate was set at less than 300
cc/min for a L4.5-liter column. Thus, the standard alkali regeneration
procedure as evolved in the laboratory establishes the use of twice
the calculeted ion capacity of the ion exchanger passed through the
exchance bed at less than 300 cc/min in .5N solution.

b. Acid Regeneration. Since logistic requirements seem
to dictate the use of sulphuric acid, thig same material constitutes
the ac:d regenerant. Because the system is run in the hydrogen
cycle using 0.1N acid solution, the acid regeneration is not essen-
tial; nevertheless, it is considered of value in meintaining the
effective concentration in the meceration tank, and for this reason
the same procedure is employed as in the case of alkali regeneration

c. Alcohol Stripping. It was originally intended that,
fellowing alkall regeneration, the ion exchange beds should be
stripped completely free of their alkaloid content, as indicated by
a Mayer's test performed on the effluent alcohol. To this end, a
continuous slow stream of alcohol was passed through the two columns
of extraction EB2-1 until 108 liters had been used. At this point
the effluent alcohol eveporated to dryness, and the residue, made up
to the original volume with .1N acid, still produced a definitely

8. See Apnendix A, "Preliminary Report," by Norman Applezweig.
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positive Mayer's test. A somewhat different procedure was fol-
lowed in experiments EB2-2 and EB2-3, which used 37% and 20 2/3
liters per column, respectively. The total volume of alcohol for
each of these extractions was applied in four separate lots. Each
lot was allowed to flow through the circulation system very slowly,
being collected at the outfall. At the end of each lot a Mayer's
test was performed. When a Mayer's test proved the continuing pre-
sence of alkaloids, the lot of alcohol was recirculated through the
system at a rapid rate for several hours. Each of these experimentes
persisted in showing positive through all four lots of alcohol, al-
though in EB2-2 no more than a trace could be detected. In experi-
ment EB2-l no attempt was made to obtain a negative in the stripping
process. Three separate lots of alcohol were circulated through
each column for two to four hours and collected. Distillation of
the combined first lots from the five regenerations yielded 312.81
grams of solid material. A combinstion of lots two and three for
all five cylinders resulted in only 47.07 grems of solids. Extrac=
tion EB2-3 produced similar results, four alcohol lots having been
used. Lots one and two were combined, as were lots three and four;
reducing these two batches produced %.1 and 15.79 greams, respec-
tively.

From the above experiments it became apparent that by
far the greater portion of the recoverable alkaloids were being re-
moved from the regenerated columns in the first lot of alcohol., The
average solubility in alcohol of the various alkaloids is 1 to 2L;
thus it can be seen that the theoretical alkaloid capacity of a L.5-
liter (820 meq/i) column could be dissolved in 3.2 liters of alcohol
if all interfering factors were removed. Accordingly, the method
described in paragraph 9d was formulated and used throughout the
entire EB2-8 series. In view of the excellent results obtained,
further laboratory trials seemed of doubtful value. Further adjust-
ments of the stripping procedure to meet the needs of plant operation
will be made in the field.

d. Model Plant Operation. Having formulated a standard
operational procedure, insofar as the chemistry of the process was
concerned, through experience gained from extractions EB2-1 to 7
the EB2-8 series of extractions was planned. That certain mechanical
difficulties were encountered and overcome in no way detracts from
the obvious significance of the final results.

From the chart (Fig. 5) it can be seen that the five
experiments, EB2-8 to 8D obtained an average extraction value of
80%. It can also be seen that this everage is rather heavily
weighted on the low side by experiments 8A and 8B, both of which had
a considerable percentage of their bark fines withheld from the ex-
traction system. A similer computation of the average total recovery
column gives a value of 73%. Removal of the two extremes raises the
average to almost 76f,, indicating agaein that the mean is weighted on
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the low side. The same is also true of the column representing
the percentage recovery of alkaloids actually extracted from the
bark. Here the arithmetic mean is 81.5%, with the figu,e similar-
ly improved by elimination of the extremes.

From an examination of the total maceration time,
stirring time and solvent cycle ratios of the various EB2-8 extrac-
tions it is apparent that a definite relations exists between
this balance and the speed of extraction. Experiment EB2-8C, em-
ploying 8 hours of stirring, 76 hours total maceration and 8.6
fluid cycles, removed 90% of the total alkaloid content of the bark
in that time; however, EB2=-8D with 100 hours total maceration time,
L2 hours of stirring and 12.7 fluid cycles produced 93%, or only
3% greater total extraction. On ths other hand EB2-8 with 72 hours
total maceration, 45 hours stirring, and 17 fluid cycles, resulted in
a total extraction of 88%, or a drop of 2% from the standard as set by
EB2-8C. It is apparent from the above that the lower limit of accept-
able efficiency has not been reached in this series; however, in going
back to experiment EB2-6 in which bark screenings smaller than 1/4
inch in size were used, it is found that 72% extraction was obtained
in 54 1/4 hours total maceration time and 21.6 fluid cycles, It is
possible to use Experiment EB2~6 in comparison with the EB2-8 group,
since the bark size was the same and the colums had been regenerated
by the method ultimately adopted as standard, Stirring was not employed
in this extraction.

Experiments EB2~8 and 8C were very close so far as
total meceration time is concerned; also, their final extraction
figures are rather close. From these two experiments it appears
that the increase in fluid cycles had no influence toward obtaining
a greater extraction percentage. This assumption is further borne
out by EB2-6, in which the time factor is reduced by 21 3/}4 hours,
while the number of cycles is greatly increased; here, the percent-
age extracted decreases sharply.

From the above it can be estimated that the lower
limits for acceptable extraction place total maceration time at
about 72 hours, during which 8 or 9 fluid cycles will produce the
maximum obtainable extraction. The upper limit seems to have been
approached by Experiment EB2-8D, in which an increase of 24 hours
in maceration time produced only 3% greater extraction than the
standard (EB2=8C)e Since the additonal 2l; hours would require the
installation of enother camplete plant unit, the logistic values
tend to rule it out.

The above values apply directly to dry bark ground
through l/h-inch mesh. With relation to operation with fresh bark
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they can be regarded as an approximation only. From past exper-
ience it is expected that extractions will be improved by using
freshly harvested material.

E. PORTABLE EXTRACTION PLANT

11. Development of Portable Extraction Plant. The primary
purpose of the research and development program was to improve the
logistics of the procurement of cinchona alkuloids. The principal
factor here, as in almost any field operation, is transportation.
This development, then, was based upon the theory that the haulage
requirements could be reduced by taking the extraction process to
the cinchona forests and plantations instead of bringing the raw
material to the extraction process. Thus, the emphasis in plant de~
velopment was, of necessity, on complete portability (Fig. 6).

The Latin America surveys (Appendix B) established the fact
that an area within walking distance of a central point could usuelly
be so worked as to produce between 500 and 1000 pounds of fresh bark
daily. It is contemplated that plant operations will not be undertaken
unless at least 30 days' operating supply is available within "walking"
radius. Hence, a figure of 500 pounds of bark was chosen as the basic
daily operating unit, and the smallest plant component is designed for
that capacity. For areas that can be more efficiently operated at a
production rate greater than the minimum, several such units can be op-
erated as a single plant.

a. Maceration Tanks. Besed on the minimum unit capacity
of 500 pouuds of fresh bark, the maceration tank must be of sufficient
capacity to hold that amount plus enough acid solution to cover the bark,
and to allow an excess so that agitation of the bark mass by means of a
directed stream of fluid will not be impeded.

Development of fabric water tanks by the Engineer Board
furnished much applicable data on the design. A vinyl-coated fabric
wae selected as the most readily available chemical-resistant material
sultable for pilot plant construction. While glass cloth is a more
desirable base from the standpoint of chemical resistance, it was felt
that sufficient data to standardize on this material was not yet avail-
able, so No. 3 cotton duck was adopted. Experience has indicated that
with adequate vinyl coating on both sides this material should be suf=-
ficiently resistant to chemical action.

The most decirable shape of tank is one which furnishes
the greatest height consistent wi th a reasonable degree of stability
when erected and filled. The greater height tends to promote a more
even distribution of flow through the bark, and serves to reduce the
tendency toward channelling. The dimensions to give the required volume
were thus established at L8 inches outside height and LjO inches inside
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diameter. Six wooden staves in continuous stave pockets were
provided for support, with "D" rings for guy ropes at the top of
each pocket. (Fig. 8).

Preliminary tests made during the scale model operation
indicated that satisfactory percolation could not be accomplished
in a single tank. This is caused by the fact that the mass of bark
settles to the bottom, tending te channelize the flow toward the single
opening in the tank wall. In addition, it proved desirable to use
some sort of sling for the purpose of placing the bark in or removing
it from the maceration tank in order to avoid the necessity for pumping
the acid off into enother container each time a lot of bark had to be
removed. For this purpose an inner container, or percolator, was de-
signed. This percolator is a cylindrical container with vinyl-coated
duck walls and a perforated bottom, its shape is similar to that of
the +- -k, with enough difference in diameter to permit its easy insert-
ion or removal. The top of the percolator wall is folded back and
stitched so as to contain a steel ring which serves as an attachment
for raising or lowering the unit (Fig. 8).

The tank-percolator unit may be operated either upflow or
downflow. In downflow operation the return stream of fluid is intro-
duced to the top of the percolator and the suction hose from the pump
inserted between the tank and percolator wall. The reverse is true
in the case of upflow operation, except that a strainer has to be
provided on the suction hose to prevent its picking up pileces of bark.
Drawings No. D-5813-1 and 2, (Figs. 29 and 30), and plans are included
in Appendix D.

12, Ion Exchange Columns.

a. Bed Capacity. Based on laboratory scale ion exchange
extractions, the alkalold capacity of Zeo Kard (a carbonaceous cation

exchange material manufactured by the Permutit Co.) is computed as fol-
lows: Two and one-half liters of ion exchange bed are required for
every 100 grams of mixed alkaloid; thus, the alkaloid capacity per
cubic foot of this particular product can be computed as

liters/cu ft x 100 = 28.3 x 100 = 2.5 pounds of mixed
2.5 x (grams/lb) 2.5 x [53.6

alkaloids per cubic foot of bed,

Most Latin American cinchona barks have a total alkaloid
content of less than 9% of their dry weight so, in using 9% as a basis
for capacity computations a margin of safety iz allowed. The average
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moisture content of fresh cinchona bark is about 66%. Thus the dry
weight of 500 pounds of fresh bark would be .33 x 500, or 165 pounds,
at 9% total alkaloids this amount of bark would contain .05 x 1€5,

or 8.25 pounds of mixed alkaloids., At the above calculated capacity
of 2.5 pounds per cubic foot; 8.25, or 3.3 cubic feet of ion exchange
bed are required to retain the alkaloids from 500 pounds of fresh
bark.

b. Mechanical Requirements. Manufacturers?! data agree
that the optimum depth of ion exchange beds is 30 inches. Though this
figure is based on expected downflow, it seems to be equally well suit-
ed, on the basis of observed action, to upflow operation. It is ap-
parent that the bed depth limit, imposed in the case of downflow by
mounting back pressure which increases with the thickness of the
pervious material through which the stream of liquid must pass, does
not apply in the case of upflow. The bed depth limit of the upflow
column is imposed by the need for portability of the apparatus. The
bed expansion which accompanies upflow makes it necessary to provide
at least 50% additional head room in the column. Therefore, the total
volume of the container to be considered is 3.3 plus 50%, or L.9 cubic
feeot.

c. Logistic Requirements. Logistic requirements prevent
the use of a single unit of sufficient capacity to contain this entire
amount, In addition, repeated experiments have shown that at flow
rates consistent with efficient operation a "break through" of alka-=
loids occurs considerably in advance of the adsorption saturation
point. Thorough saturation of the ion exchange medium plus complete
continuous restoration of the effective acid concentration can be ob-
tained only by counter current operation. In this method two or more
columns are assembled in tandem. The first column in line receives
the alkaloid solution at its maximum concentration. When a "break
through" occurs in the first column, a weak concentration of alka-
loids begins to enter the second column and this concentration increases
as the capacity of the first diminishes. When no diminution in concen-
tration is to be observed between the first and second columns,it is
assumed that the first is saturated, and it is removed from the system
for regeneration, after which it is placed back in the system in the
"sweep up" position. By this means, maximum adsorptive capacity is
always presented at the point of lowest ion concentration, thus assur-
ing rapid and complete removal of the alkaloids from the acid solution.

The criteria for column design are, therefore, three
columns, each of a total capacity of 2.0 cubic feet, each containing
1.2 cubic feet of ion exchange material, and each capable of easy
transgortation.,

d. Column Design. Two distinct designs of columns were
prepared, one of all metal construction, the other of a chemical and
waterproof fabric with metal bottom and fittings.
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The metal column design was based on the use of three
cylindrical containers, each 10 inches in diameter and 448 inches over-
all height, with an inside available length of L2 inches, and an avail-
able volume of 1.9 cubic feet. For convenience in transportation,
the column was made in two symmetrical sections, each 2 inches long
and closed at the center with a clamp ring over a Victualic rubber
gasket. In transportation, each section has a separate cover and may
be carried full of ion exchange material, other dry chemicals, or small
fittings and supplies., The lower section has a double bottom, the upper
plate of which is perforated, and on opposite sides it has two l-inch
threaded-nipple hose comnections between the closed bottom and the
perforated plate. The top section has a single l-inch hose connection.
Both sections have a 2i-inch threaded opening in the center of the
closed end. The plug for the top opening is equipped with a %—inch
bleeder valve.

Over the perforated inner plate, a L4O-mesh non-corrosive
screen to support the ion exchange material is held in place with a
snap ring. The column assembled full size, may be used for either
downflow or upflow circulation or, with the addition of nipples attach-
ed to the detachable lids, the separate halves may be used as half-
capacity columns for downflow circulation (Fig. 7).

The alternate type of ion exchange column consists of
a waterproof fabric tube, 48 inches overall length, 12 inches in dia-
meter, open at top and bottom. A sash cord is inserted in a fold of
fabric in the bottom, and a ring of 1/4-inch brass rod is similarly
inserted at the top. A drum-shaped metal bottom, in the side of which
is inserted a l-inch pipe nipple, is provided with a solid plate base
and perforated plate top. The fabric sleeve is forced over the upper
portion of the drum and is held in place by a clamp ring against a
rubber gasket, thus forming a water-tight closure. The inserted cord
prevents the fabric from being pulled from under the clamp ring. Two
overflow outlets, placed one above the other and fitted with pipe
nipples, are provided on the side of the fabric tube, near the top of
the column, which remains open (Fig. 7).

In operation, the column is loaded with 1.5 cubic feet
of ion exchange medium, supported over the perforated base by a fine
wire screen, a fabric disc, or a bed of sand. Flow is introduced up-
ward through the base and overflows through the lower flanged open=-
ing at the top. Any surge of flow tending to overtop the column is
diverted through the second, or higher, flanged opening. Circulation
through & series of connected columns may be effected by pump, gravity
flow, or both.

The advantages of this type of construction for upflow
operation are (1) that flow may be regulated visibly, as necessary,
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to a point of maximun velocity which does not carry over particles

of exchange material, and (2) that an evenly distrivuted flow through
the exchange mass may be visibly controlled, with hand agitation to
eliminate channelling, when desired.

13. Pumping Equipunent.

a. Engine-Driven Pump. As a standard component of the
portable alkaloid extraction plant a gasoline-engine-driven pump
was adopted for circulating the acid solution through the ion ex-
change system. Ths pump is a Rex 3M, with anodized aluminum housing
end bronze impeller, directly coupled to a Lauson RSC &9 engine (Fig.
9). Pump limitations are 50 gpm or €5 psi at 3000 rpm. The engine
consumes approximately 1 gallon of gasoline per 8 hours of operation.
The assembly, mounted in a protecting frame for transportation, weighs
€0 pounds, and without frame, 51 pounde.

In practice, the pump suction is connected bty l-inch
hose to a suction strainer inserted between the tank wall snd the per-
colator. The pump discharge is fitted with a tee and two gate valves.
One leg of the tee is connected by hose to a brass nozzle fastened in
side the percolator bag, and directs a strong flow upward from the
bottom of the percolator. The other leg of the tee is connected by
hose to the ion exchange system on either upflow or downflow circula-
tion, in series, with return hose to the percoclator.

Flow is adjusted so that the meximum flow (approximetely
2.5 gpm) effecting complete adsorption of alkaloids from the acid on
each cycle is established. The residual amount which the pump is cap-
able of discharging through the nozzle serves to agitate the mass of
bark in the percolator, eliminating channelling and assisting in break-
ing down the bark tissue.

b. Hand-Operated Pump. For use in a hand pumped circula-
tion system through ion exchange columns,.and for general auxilliary
use in providing water supplies, a hand pump was selected. The pump
requirements were light weight, simplicity of construction, resistance
to corrosion and ease of repair. The capacity requirements were based
on the energy one man could exert consistently without undue fatigue.
The easiest and least tiring method of pumping has been proven by
various authorities to be that of a vertical lever, pivoted at its
base, with an arc of travel of about 20 inches at its upper end.*

The Red Jacket house force pump, Model 1.7, of %-inch
bore and stroke was selected as an ideal size, but its weight in cast
iron construction was heavy, 57-59 pounds. On request of the Board
a similar pump was especially constructed in the same pattern, sub-
stituting aluminum castings for iron and eliminating the air bell.

* Ref. "American Civil Engineers' Handbook," Merriman P. 1.
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The pump has a brass-line cylindér, bronze velves and seats, and
brass bushings set in the cesting et all friction points. It weighs
27 pounds with wood handle and 2-inch wood base, but when operated
in isolated areas may be carried without handle or base, weighing
21 pounds. The pump may be spiked to a flattened log and a handle
cut from a sapling (Fig. 10).

Test of a pilot model of this pump showed yields as

follows:
Pressure Total  Elapsed Time Total Yield Strokes
psi Strokes Minutes Gallons GPM  Per Min.
0 L0 3 32 10.5 L7
5 14,0 3 31 10.3 L7
10 120 3 28,5 9.5 Lo
15 120 ) 27.0 9.0 Lo
20 66 2 12 6.0 33
30 80 2 15 7.5 Lo
Lo 55 2 10 5.0 27.5

Cse Corrosion Resisting Metals. All aluminun in the pumps
is anodized, and experiments with such material in the low acid con-
centrations employed in the process show little corrosion. 1In any
event, no iron may be permitted to come in contact with the acid, since
tannates are formed which greatly discolor the solution and the concen-
trates. Construction of brass, bronze, and aluminum is, therefore,
considered expedient.

1. Hoses. For connection of tanks, pumps, and ion exchange
columns into a circulation system, two types of hoses are provided.
The equipment is universally provided with fittings for l-inch
rubber and fabric, wire-inserted suction hose, in 5 and 10-foot
lengths, with brass screw-type fittings furnished with rubber gaskets
and l-inch straight IPS threads. Brass bushings are provided for all
openings to adapt them also to 5/h-inch, straight IPS thread fittings
for a 2-ply, fabric-reinforced, rubber "garden hose". This hose may
be used alternately with the l-inch hose for all purposes where max-
imum pumped flow and pressure are not desired, and it is particularly
applicable to the lightweight, hand-operated unit. Any standard hose
of this size may be used if equipped with no ferrous fittings and is
usually available in all trading centers.

15, Distillation Unit. The original conception of the still
was a& cone, immersed point down in a water bath and heated by solid
fuel. The top of the cone was closed with another cone, point up,
leading to a condenser. The bottom of the cone was provided with a
tube leading through the water jacket, and furnished with a closed
container to receive concentrates. A perforated tubular ring around
the cone at the point of greatest diameter provided an adjustable flow
of alcohol solution from an elevated container,
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A still of these general characteristics was constructed
of laboratory glessware and tested. The principle of operation
proved setisfactory, and e larger still was constructed with an
alupminum cone, 15 inches in diameter and 18 inches in depth, heat=-
od in a water bath over a charcoal furnace. The yield of this still
averaged 5 gallons per hour, and with forced draft heating was cap-
able of producing 7 gallons per hour. Recovery of alcohol in quantity
compared to the amount originally introduced averaged 90%. The entire
still, exclusive of furnace and condenssr, satisfied the logistics
requirements for man packing, weighing 35 pounds in all-aluminum con-
struction.

The bulk of the equipment was, however, disproportionate
to the yield, and an effort was made to develop a more compact unit.
Since the volume of water heated in the original design was greatly
in excess of needs, consideration was giver to a still of construc-
tion similar to a Liebig condenser. An elongated cylindrical eva-
porating surface with a concentric heating jacket proved the most
compact for the largest heating area.

A copper test still wes constructed with an evaporating
cylinder 3 inches in cdiameter and 30 inches long surrounded by a
closed water jacket 5 inches in diameter. To heat the jacket, wet
steam from the building steam lines was introduced at 5 psi pres-
sure at the bottom and exhausted at the top of the vertical jacket.
A pipe trap outside the heated area was provided at the bottom of
the inner cylinder to effect a vapor seal, and concentrates flowed
continously from the trap overflow to an open container. Stream flow
was adjusted so that all steam was condensed within the water jacket
and the overflow condensate maintained at 100 C. The average yield
of this equipment in recovered alcohol was 3 gph with maximum yields
of 4 gph. The efficiency of recovery was 90% or greater (Fig. 11).
The relatively grester portability of this type of still led to its
adoption, in principle, for field operation.

Preliminary consideration wag given to the construction
of one or more stills of this character, heated by steam generated
in a separate, portable boiler. Further studies led to the con-
clusion thet a separate boiler would greatly increase the total
welght of equipment, while affording no advantage in efficiency.
Design was then standardized on a single still, incorporating an
eveporating cylinder contained in a vertical fire tube boiler. The
evaporating tube was 8% inches in diameter, heated over a length
of 30 inches, which, based on yields of experimental units, was
estimated to produce 8 - 12 gph of recovered alcohol. The boiler
consists of a rectangular box 1l inches square and 36 inches long,
with four 2%-inch outside diameter fire tubes through its entire
length, equally spaced around the central evaporator. The boiler
is heated with a charcoal burning furnacs, since this fuel is
available in all cinchona producing areas. The evaporator tube is
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provided with an eesily removable cover for accessitility in
cleaning, and with a distribution ring for spreading alcohol film
over the surface. The condenser tubs is a 15-foot length of 13-
inch inside diameter, flexible, seamless copper steam hose, to be
coiled in a fabric tenk of cooling water. The etill body, less
furnace and condensing coil, satisfies logistic requirements,
weighing €2 pounds and falling within dimension requirements

(Fig. 12). All parts of the equipment except the condenser coil
are of welded stainless steel. Complete construction drawings and
details of the final model are included in Appendix D.

16. Field Drying Concentrates. Attempts: to filter alkeloid
corcentrates as the end product of distillation shown them to be
extremely difficult to pass through even the coarsest filter papers
or cloths of normally tight weaves. The colloidal nature of the
suspended matter in the liquid closes the pores of any filtering
medium rapidly, and flow is greatly reduced or entirely prevented.
On the basis of this condition, the following method for field
drying of concentrates was formulated.

Medium weight muslin, or cloth of similar porosity, is
stretched tightly over a series of rectangular wooden frames. The
fremes ere assembled in a supporting rack, one above the other, so
that one frame drains into the next, and a watertight container is
placed to receive the drainage of the lowest frame (Fig. 12). As
concentrate liquids from distillation are poured over the upper
cloth in a uniform distribution, part of the liquid filters through
to succeeding frames; thus a portion of the solids remains on each
cloth, and the thin film of 1liquid retained evaporates rapidly.

When the cloths are covered with sufficient concentrates
to reduce their efficiency or to become clogged, they are removed
and the concentrates shaken and brushed from the surfaces. When
colloidal material accumulates to the extent that it cannot be
removed by mechanical meeans, the cloths may be takern !rom the frames
and macerated in s dilute acid, or in alcohol. The resulting so-
lution of alkaloids is reduced to concentrate by regular plant
operation,

IV DISCUSSION

A. ACID EXTRACTION

17. Efficiency and Logistics of Acid Extraction. Acid extraction
depends for 1ts effect upon changing the alkaloid from its natural
base, or such other form as it may assume while in the plant cell,
into & salt of the acid used.

That the abcve reaction could be cerried to completion, or
nearly so, is obvious. Thsat the efficlency of this extraction de-
pends upon several factars such as the amount and volume of acid



used, and the length of time it has contact with the bark is also
unquestionably true. In the presence of a sufficient excess of
acid, the dibasic salt will be formed, in which state the solubi-
lities, particularly in the case of the disulphates, are tremend-
ously increased.

a. Time Factor in Acid Extraction. In considering the
matter of contact time, two difrerent aspects of the situation have
to be explored. In one of these, dry bark is ground into subcell-
ular sizes, in the other, the bark is cut or broken into "chips."

In the former, aside from entrapment in the resinous mass which
constitutes the cellular content of dried plant material, the alka-
loids are freely presented to the solvent action of the extraction
medium, Hence, the contact time need be no greater than that re-
quired to soften and disintegrate the gummy contents of the cell,
plus whatever time the alkaloidal salt requires to go into solution.
In extracting from "chips", however, the problem is entirely dif-
ferent. Here, in addition to dissolving the alkaloids out of the
other cellular inclusions, the fluid must first place the cell walls
into a condition in which they are sufficiently permeable to permit
the passage of fluids both along the original vascular structure

of the plant, and to some extent, transversally.

Having teken the soluble materials inside the bark
cells into solution, the extraction process then proceeds to func-
tion like any other such system in which two solutions of different
ion concentrations are set up on opposite sides of a permeable mem=
brane. Osmotic action causes the fluid of lesser density to flow
toward that of the greater; at the same time a migration of ions
takes place in the direction of the lower ion cancentration. Thus,
in effect, there is flow in both directions. The osmotic flow will
continue toward equilibrium at an ever diminishing velocity in one
direction, while the ion migration takes place, also with a con-
stantly diminishing velocity, in the opposite direction.

In the case of the ion migretion, however, the end
point is not clear-cut since, if the concentration of v.-e "outside"
phase be constantly reduced, an equilibrium cannot be resched.
Instead, the migration velocity will steadily diminish toward a
point at which it becomes no longer feasible to wait for completion
of the reaction.

b, Particle Size. The above considers the osmotic system
in terms of only one permeable membrane., However, in a piece of bark
two inches long and one=-quarter inch thick, a great many such mem-
branes are interposed between the lumen of the cells in the interior
and the point of lowest alkaloid ion concentration. In consequence
the relationship between the adjacent cells as the fluid progresses
toward the center of the "chip" is successively nearer to equilibrium
and the ion migration rate at any one time is progressively slower
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as it is taken nearer to the center of the piece.

This diminishing rate might be diagrammed as in
Fig. 1l;, the diagonal lines representing the ion migration rate
and the shaded portions representing the unextracted alkaloid
content in a given time(t).

From the diagram it can be seen that in progressively
cutting the length of the bark piece in half, the amount of material
remaining unextracted in a given time becomes increasingly smaller
at a very rapid rate, since the distance from the center to out-
slde 1s quartered with each cut so far as longitudiual distance is
concerned. Thus, it is apparent that at some point, probaebly far
sho~t of the subcellular sizes of grinding, a condition will be
r.d_;.ed wherein no appreciable value will be realized from further
subasvision,

In the case of dry cinchona bark it may be argued
with some logic that so long as grinding is to be done, it may as
well be carried on to size L0 USBS mesh. Actually in passing dry
bark through a 1/4-inch hemmer mill screen it is found that as much
as 85% will have been reduced to size O or less. The remaining
15% will be composed largely of wood splinters and individual cork
cells, neither of which contains any considerable amount of alka-
loid.

However, when considering a process involving the
use of undried or "fresh" bark the problem of grinding assumes &
much greater degree of importance. Though fresh bark can be ground
to subcellular sizes by using one of the slurry grinding processes,
it is found that, without exception, the machinery manufactured
for the purpose is of a very heavy and cumbersome nature. It is
questionable whether a lightweight machine of sufficient capacity
for any quantity production prog—am could be developed. In view
of the foregoing it would be wr 11 to consider extraction from
"fresh™ chips as opposed to <. ps of dry bark.

In fresh plan material or even in material that
has wilted but not dried, the tissues have retained a good deal
of their original permeability. For this reason, a very brief con-
tact with a supply of liquid will restore them to something very
like their original condition. Further, the contents of the cell
have not become hard and impermeable and, though some chemical change
in these inclusions will probably heve taken place in wilted material,
it is likely that they will,for the most part, be in better condi-
tion so far as extraction is cancerned., Macerations of "fresh" bark
in the Latin America series of experiments (Appendix B) indicates
that the above relation undoubtedly exists., What will be the opti-
mum size of the fresh bark particles, can best be determined during
the course of pilot plant operations in the field.
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¢ Chemical Requirements. In considering the logistics
of the above reaction an arbitrary total alkaloid content of 5%
of dry weight is assumed. Fresh berk having & moisture content
of 66% will then contain, in 500 pounds of such material, 500 x .33
x .05, or 8.25 pounds of mixed alkaloids. At the average molecular
weight of 310, this eight and one quarter pounds of alkaloid will
represent 8.25 x L,53.6 or 12.07 equivalents of alkaloid. To con~

vert two equivalents of alkaloid to the sulphate, for example,
requires two equivalents of sulphuric acid. If twice that amount
of acid is present, the so-called bisulphate will form, thus
increasing the solubility from 1 part in 72% to 1 part in 9. Thus,
to reach its most soluble form, the alkaloid content of 500 pounds
of fresh bark would require 2l equivalents of EbSOh concentrate.,

However, it has been found through repeated exper-
iments that a large excess of acid is necessary to secure the desired
extraction. It must, therefore, be assumed that the non-alkaloidal
materials teken into solution are effective in using up a consider-
able portion of the available acid. The Latin America Experiments,
in which several acid concentratlions were employed, indicate that
«1N acid, in sufficient volume to contain L8 equivalents, is the
most effective concentration and volume for the maceration of 500
pounds of fresh bark.

18. logistics of Alkali Precipitetion Recovery Method.
The cinchons alkaioids in the form of the natural base are difficult
to dissolve in water. Quinine, the most soluble in this form, dis-
solves at the ratio of 1 gram to 1750 cc of water at 20 C. The
alkali recovery method depends for its effect upon converting the
acid salts in solution into the natural base form, with resulting
precipitation of all but the portion which is necessary to fill the
solubility ratio. The amount thus retained will, of course, de-
pend on the total volume of fluid used.

a. Chemical Requirements. Through repeated trials,
involving various acid concentrations, it was found that a sulphu=-
ric acid solution of about .1N concentration (1/8% by volume)
produced the best extraction results (See Appendix B). To obtain
adequate coverage of the bark plus sufficient excess fluid to per-
mit agitation by means of a stream of the fluid circulated through
the pump, 125 gallons of acid solution had to be used for each 500
pounds of fresh bark.

To precipitate the alkaloids from acid solution,
enough hydroxide must be added to complete the following reaction:

HyS0, + 2NaOH—» Ne2SOL + 210
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If 125 gallons of .1N solution are to be used per maceration the
amount of sodium hydroxide required to complete the reaction can
be computed as follows:

125 x 3.78 (1/gal) x .1 = number of equivalents x 40
453,46

pounds of NaOH, Substituting the proper quantities it is found
that L4.17 pounds of the hydroxide are required to bring the above
reaction to neutrality. At a pH of 7 (the neutral point) only a
slight precipitation, consisting mainly of non-alkaloidal sub-
stances, occurs. To bring about complete conversion to the natural
base, the full quantity as given above has to be introduced, plus
sufficient excess to produce a pH of about 8.5 to 9. Near the end
point of the reaction, the addition of small quantities of hydrox-
ide may bring about a change greater than that required. Since
the use of too much hydroxide causes the alkaloids to go into a
colloidal state from which they cannot be either precipitated or
recovered by filtration, it is essential that great care be exer-
cised in not going beyond the point at which heaviest flocculation
is observed. The proper pH vel ue for maximum precipitation depends
upon the nature and amount of material in solution, thus no definite
rule concerning the required excess of hydroxide can be formulated.

b. Logistics. From the ebove it is known that 4.17
pounds of sodium hydroxide are required to neutralize 125 gallons
of 1N acid. This amount of acid solution contains 5.1 pounds of
sulphuric acid concentrate, or a total of 9.27 pounds of chemicals
for one 500-pounds maceration. Six such macerations seem to be
the minimum at which an acceptable extraction percentage can be
reached. Thus, for continuous plant operation six macerations
would have to be carried on simultaneously. In an operating month
of 26 days, theiefore, 1446 pounds of chemicals would be used in
operating at a daily capacity of 500 pounds of fresh bark.

c. Efficiency. During the processing of 500-pounds of
bark by this method 750 gallons of liquid will have been used. At
the average solubility in water of 1 gram in 3105 cc, approximately
915 grams or about 2 pounds of alkaloid will remain unprecipitated
and hence will be lost. On the basis of 5% total alkaloids in the
dry bark this loss will amount to 25% of the available total.

The best extraction yet obtained, as gauged by an
assay of the exhausted bark, is 76%. Assuming that in field opera=-
tion an average of 75% efficiency in extraction could be maintained,
the computed loss from material remaining unprecipitated would re-
duce this figure to 56% of the original total. A plant capable of
handling 500 pounds of bark daily would then produce from 13,000
pounds of bark, 120 pounds of mixed alkaloids per month.



19. Logistics of lon Exchange RPecovery Method.

a. Maceration. As can be seen from the simplified re-
action shown in paragraph 9b, above,the ion exchange recovery method
provides for continuous renewal of the acid concentration of the
menstruum during cycles through the ion exchange adsorbent., This
effectively eliminates the necessity for changing the liquor dur-
ing the maceration. With the exception of losses entailed in re-
moving exhausted bark from the tank, no renewal of the acid liquor
is required between- different batches of bark. This loss, which
on the basis of experience appears to be about 10%, places the
acid requirement for cne meceration unit for a 26-day working month
at %325 gallons of .1N sulphuric acid. This amount of dilute solu=
tion requires 53.11 pounds of acid to operate one 26-day month if
a three-day extraction period can be employed. A three-day mace-
ration period will require three separete extraction units to
operate continuously; for this reason, three times the above quantity,
or 159.3% pounds, of concentrated acid will be required to operate
continuously at 500 pounds per day capacity.

b. Regeneration. The quantities of regenerants, as ex-
perimentally determined by manufacturers of ion exchange materials
are 5 lbs of 93% sulphuric acid and a chemically equivalent quantity
of sodium hydroxide which is about 44 to 5 pounds per cubic foot of
ion exchange bed, depending upon its chemical purity and moisture
content.

Exchange capecities for several ion exchangers are
variously reported at from 600 to 850 meq./l. Considering the lowest
of these figures as the probable capacity, it then follows that one
cubic foot of exchange material will have a calculated capacity of
16,9% meq. Experimental data taken on 200-ml ion exchange columns
indicate that a substantial portion of the above capacity can be
used. Ten grams of alkaloid were retauined by a 200-ml ion exchange
colunn. This, at the average molecular weight of 310, amounts to
%2 meq. Thus, 5 x 32 x 28.32, or L531.2 meq. of alkaloid can be
held in one cubic foot of ion exchanger.

Returning to the assumed 500 pounds of fresh bark,
at a total alkaloid content of 5% of dry weight it is calculated
that there are 12,217 meq. of mixed alkaloids available., It follows
that some 2.6 cubic feet of ion exchanger will be required to ad=
sorb the alkaloids from 500 pounds of fresh bark. To allow a suffi-
cient margin for counter current operation it is necessary to use
three ion exchange columns of one-and-one-half cubic foot bed capacity,
making a total for the unit of L.5 cubic feet. However, since only
2.6 cubic feet of bed can be loaded with alkaloid each day, no
more than two columns will have to be regenerated. Since 9 pounds
of chemicals are required to perform both the acid and alkall re-
generations on one cubic foot of bed, then 27 pounds will be required



*-ﬂ

FlG. 14

DIAGRAMATIC REPRESENTATION OF RELATION BETWEEN
PERCENT OF ALKALOIDS EXTRACTED IN A GIVEN TIME (t)
AND THE LENGTH OF THE BARK CHIPS (l). SHADED
PORTION REPRESENTS UNEXTRACTED ALKALOID.



for daily operation and 702 pounds for a 26-day operating month.

To flush two 1% cubic-foot exchange beds with alcohol, as outlined
in paragraph 10 ¢ above, requires 10 cubic feet of alcohol, Losses
in alcohol are, in general,about 5%, making the total loss for the
operating month 13 cubic feet. From the above it is possible by
computation to place the monthly alcohol requirement at 172.5 gal~-
lons, or 141 pounds, somewhat less than half of which will remein
on hand at the end of the 26 days.

Totalling the above quantities indicates that about
1002 pounds of chemicals and alcohol are required to operate a
500 lb/day capacity plant for one 26-day month.

C. Efficiency. An examination of the recovery data for
the EB2-8 series indicates that well over 90% of the alkaloids ex-
tracted can be realized in the end product. Thus, if an extraction
efficiency of 90% can be maintained, and previous comparisons be-
tween fresh and dry bark extractions indicate that this may well be
so, then an overall efficiency of above 80% will result. At this
rate of efficiency, one 500 lb/Hay unit could, in 26 days of opera-
tion, process 13,000 pounds of bark and produce 171 pounds of mixed
alkaloids.

B. PLANT SIZE

20. Large Scale Engine-Powered Plant. It is intended that
the field extraction unit be set up as a continuous circulation
system in which acid liquor is pumped from the maceration tank
through a series of ion exchange columns arranged in tandem and
employing upflow. From the last column in line the acid solution,
by this time stripped of its alkaloid content, will be returned
to the maceration tank. Though it is probeble that downflow cir-
culation will be employed within the maceration tank, the equipment
lends itself quite as well to operation in the opposite direction.

From experience gained in the Latin American laboratory
work, and more particularly from the recent scale model plant opera-
tion, the value of mechanical agitation in the maceration process
is evident. The easiest means of accomplishing this function is
obviously to utilize the excess capacity of the pump which circulates
the liquid through the ion exchange system. This pump has a capa-
city of some 50 gpm, only about L gpm of which can be passed through
the ion exchangers without damage to the beds. This leaves about
L6 gpm excess capacity. It is found that a great deal of agitation
can be promoted within the macerator by nozzling this stream down
from 1 inch to 1/4 inch and directing it upward through the bark
mass. This causes the entire contents of the tank to be displaced

continuously upward at the center, with a resulting downward move-
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ment at the periphery (Fig. 15).

As shown by the flow diagrems (Fig. 2), the pump inlet
is inserted between the wall of the tank and macerator. The major
portion of the production of the pump is returned to the macerator
as descridbed above; the remainder, about 12%-liters per minute,
is circulated through the ion exchange system before being returned
to the macerator, where it is directed to the center of the tank
and dispersed by the rising jet from the bottom.

From the operation of the scale model it was ascertained
that the rate of cation adsorption is greater than the possible
rate at which alkaloids can be taken into solution from bark even
under ideal conditions. It was found that the number of cycles
of the acid menstruum necessary to reduce the alkaloid concentra-
tion of the acid to 1 part in 100,000, or less, varied directly
with the amount of alkaloid remaining in the bark. While at the
start, four to six complete cycles of the menstruum were required
to accomplish this purpose, it was found that, by the end of the
second such reduction in ccncentration, the maximum amount of
alkaloid that could be taken into solution in the course of three
to four hours was removable in two to three fluid cycles.

The above phenomenon fits in well with the plan of opera-
ting on three lots of bark simultaneously. That is, the first lot
will be started and axtracted for 2l hours before the second lot
is placed in maceration, by this time the extraction rate of the
first lot will have been so reduced that its menstruum need be cir-
culated only occasionally. Similarly, by the time the third lot
is started, the rate at which extraction can proceed in the second
will have been greatly reduced, while the first lot will be approach-
ing complete exhaustion.

Though some variation of the above will certainly prove
to be the standard method of operation, much will depend upon the
exigencies encountered in the field. Thus, the final operational
plan will have to be elaborated through pilot plent operation.

21, Small Scale Hand-Operated Plant. For small scale produc-
tion or operation in areas so lnaccessible as to make the logistic
requirements of gasoline engine operation prohibitive, a hend-
pumped extraction plent cen be assembled from the standard compon-
ents of the basic Acid Extraction Unit.

This assembly constitutes merely a simple gravity arrange=-
ment of the cycling system described under paragraph 20, above.
It employs an extra container at the outfall of the last ion exchange
column in the system. This container, which may be one of the stan-
dard tanks or any convenient smaller vessel, serves as & reservoir
for the hand pump which is to be used, at suitable intervals, for
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the purpose of returning the percolate to the maceration unit.
A suggested means of assembly is shown in Fig. 16.

S8ince this method of operation does not provide any means
of agitation, it will be necessary to stir the mass of bark by hand
from time to time to prevent channelling.

It is possible that this model may prove to be the most
usable means of obtaining valuable and much needed supplies of
quinidine, which is obtained from C. pitayensis, a species found
only in the most inaccessible portion of southern Colombia and
northern Ecuador .*

C. FUTURE WORK

22. Field Testing of Plants and Process. Since freshly har-
vested cinchona bark is unobtainable in the United States, all
experimental work at the Engineer Board has been performed on dry
bark. From the Latin America experiments it is apparent that
considerably different behavior can be expected from fresh mater-
ial; hence, it will be necessary to carry on the process where fresh
bark is obtainable before a final report can be made.

Efficiency, durability, and portability of the pilot model
extraction plant can be properly determined only under actual field
conditions in the tropics. For this reason, it is planned that the
equipment which has been designed and fabriocated at the Engineer
Board be placed in regular operation in a cinchona producing area
by the officers of the Cinchona Research Unit.

23, Total Capacity Studies. Commercially manufactured ion
exchange materials vary considerably in several ways. A series
of total capacity studies designed to evaluate these differences
has been under way for some time, but has not yet been completed.
Since the above differences may assume considerable importance in
their relation to the logistics of the entire process, these eva-
luation studies should be continued.

2li. Field Manual. The adoption of the acid extraction method,
particularly with regard to the use of small portable plants, would
necessitate the training of a considerable aumber of operation and
maintenance experts. To accomplish this purpose, a suitable field
or training manual should be compiled during the period of pilot
plant operation. Use of the menual in Latin Americea and the Phi-
lippines makes it essential that the publication be written in English,
Spanish, and Portuguese., The manual should comprise a complete opera-
tions guide covering all essential phases of the chemistry, plant

function, and maintenance.

*Steere, William, "The Botanical Work of the Cinchona Mission in
South Americe," Science, 16 February 19,5.
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V. CONCLUSIONS

26, Conclusions. It is concluded, on the basis of the above
and preceding experimental work, that:

a. Acid extraction of cinchona alkaloids, followed by
ion exchange recovery, is an efficient process from both an econo-
mic and a logistic standpoint.

b. The process can be carried on in a completely port-
able extraction plant.

c. Acid extraction, followed by alkali precipitation,
is a usable process where the efficiency and logistics of the method
are not controlling factors, ie., a small unit operated for purely
local consumption.

de The end product of either of the above methods ¢on-
stitutes a usable antimalarial which may, depending upon the alka-
loid content of the bark used, conform to U.S.P. standards for tota-

quine.

e. The acid extraction ion exchange process is directly
applicable to the extraction of most, if not all, of the usable
alkaloids.

f. The component parts of the field unit have functioned
satisfactorily when used individually for other comparable purposes;
however, development of the extraction unit as a whole has progressed
to the point where further modifications must be based on rigid field
tests.

Vi. RECOMMENDATIONS

26. Recommendationse It is recommended that:

as The two existing pilot plants designed and constructed
at the Engineer Board be subjected to a rigorous field testing pro-
grem by the Cinchona Research Unit.

be In conjunction with the above, a field manual covering
the extraction process and the operation and maintenance of the
portable plant be written during pilot plant operation and translated
into the required languages.

c. Research on ion exchange capacities now in progress at
the Engineer Board be carried to a conclusion.

9. Appendix C, Consultant's Report.
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RUTGERS UNIVERSITY
Newark, N. J.

17 February 1944

Memorandum for Mr. Keith G. Cone, Chief, Cinchona Section,
Miscellaneous Commodities Division, FEA:

Subject: Acid Extraction Pilot Plant

l. On December 10, 19,3, final srrangements were made for labora-
tory space at Rutgers University, Newark, New Jersey. A program
of research was established. This program included the information
available from literature and the experiments conducted previously
at Rutgers University. From this research, preliminary experiments
were conducted to evaluate the various methods of acid extraction.
Certain conclusions were arrived at and on January 1, 194, a pro-
gram of experiments was set up, certain laboratory equipment was
purchased, and on January 15, chemists and assistants were hired.
A series of fifty-five individual batch extractions were set up to
ascertain:

A. An optimal period of contact of acid with dry bark

B. Number of washings of acid-treated bark to insure an
economical yield

C. Amount and type of agitation needed

D. Methods of separating or de-watering the acid bark
mixture

E. Method of recovering the alkaloids from the acid liquor

2. The above experiments were conducted under varying circumstances
and using several acids with and without agitation. Each one of the
fifty-five batches required from one to seven days and recordings
were kept of each day's yield.

3e During these experiments, careful consideration was being given
to the equipment necessary to construct a mobile unit that could be
used at the site where the bark was gathered, A number of equipment
manufacturers, including the manufacturers who are now supplying
mobile field equipment for the Corps of Engineers, were contacted
and several experiments were conducted in their laboratories,
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3, Arrangements were made to have certain pieces of equipment
loaned for trial at Rutgers University. At the present time, some
of this equipment is atill in use.

L. Until recently, all the experiments were conducted with ground
bark of approximately l+0—mesh. Again, with the thought of simpli-
fying and minimizing the type of equipment necessary to do this

job, it was decided that various mesh barks would be tried. Experi-
ments were conducted with sizes ranging from L-mesh up to chips as
lerge as 2" x 2", The result of these expsriments showed that the
large chips produced a yield as great as the bark ground to 4O-mesh
with some decided advantages in the final precipitant. In addition
to this, the handling of chips decreases the size and amount of
equipment necessary for extraction.

5¢ All of the experiments were conducted using dry bark. At the
present time, it is believed that fresh bark should give as great
a yield, if not greater, than dry bark. Therefore, it becomes
necessary to conduct a short series of experiments at the source
of the bark in South America. In addition to this, several other
determinations will be made, such as:

A, Optimal practical mesh size

Be Result of the use of fresh bark with this method of
extraction

C. Effect of various preliminary treatments before and
after grinding or shipping the bark

D. Type of materials available at the field locations
E. A complete study of time, yields, shipping, and handling

6. While this work is poing on, the experiments at Rutgers will
continue. With the knowledge obtained in South America and the
work done at Rutgers, it will take a relatively short time to pur-~
chase and ship a complete plant to one of the locations in South
America.

7. During the course of the experiments, several matters have
turned up that may be of advantage to the general procurement
program. One of these is a method of drying and packing the bark
that 18 now being imported to the United States. Tests will be
made along with the rest of the experiments in South America, and
a complete report will be forwarded to the Administration.

Robert Lee Kaye
Cap‘tain C. E.

Rutgers University
1l Lincoln Avenue

Newark, New Jersey



ABSTRACTS FROM RUTGERS REPORT

The following experiments, (39 to 61) shown in tabular
form comprise the major portion of the acid extraction work done
at Rutgers University. Since experiments conducted prior to
number 39 either do not bear direct relation to the problem at hand
or have been insufficiently documented, they have not been includ-
ed as part of this report. (Copies of original data sheets are
available from the files of F. E. A.)

The maceration technique employed in this series con-
sisted of moistening one pound of bark which had been passed through
a 1/4 hammer mill (about 85% < LO mesh) with the acid solution to
be used in the maceration. Following the molstening process the
bark was packed in a percolator, enough acid solution added to pro-
vide an excess and maceration allowed to continue for the prescribed
period. At the end of the maceration, percolastion was started.
Three to four volumes of acid solution were passed through the bark
in this manner, the volumes being saved separately. Each batch of
percolate was then precipitated separately by raising the pH to 8
with NaOH. The precipitates were f{iltered off, dried and weighed
with the filter paper which was used as an extraction thimble in
the assay process so that it also entered the final gravimetric
determination.

Experiments 39, 4O, 60 and 61 were first moistened and
macerated with acid introduced at boiling temperature and allowed
to cool. The percolations were made with cold acid. The experi-
ments using hot acid were performed on 2-pound lots of bark, all
others on one-pound lots. Experiments L3, LL, 49, 52, 56 and 58
used # percent E,S0,; 39, L2, L6, L8, 51, 55, 57 and 61 used 3
percent HCl; and 4O, 41, L5, L7, 50, 54, 59, and 60 used 1 per-
cent HCl.

A simple but somewhat erratic method of determining per-
centage of extraction was used in experiments 39 to 61. The method
consisted merely of extracting the oven dried precipitates on a
soxhlet with chloroform. After extraction the residue in the ex-
traction thimble was dried and the loss of weight determined.

This loss was taken as representing the total alkaloid content of
the precipitate. From this figure and an assay of the original
bark, all extraction percentages were computed.

From experience gained in analysis of concentrates by
the Dutch Method (see Appendix C, Dutch Method) it is obvious
that results so obtained admit of a considerable margin of error.
For this reason the experiments in gestion cannot be considered
ag having produced any quantitative or even comparable results.
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However, they do indicate that a large percentage of the alkaloid
content of cinchona bark can be extracted by means of simple per-
colation with dilute acids.

An experiment was conducted in which one pound of bark
was macerated in a good grade of commercial vinegar for a period
of three days. The maceration was followed by successive percola-
tions with the same material. A yield of 16.2 grams out of a
possible 25 was effected for an efficiency of 72 percent.

The extraction with commercial vinegar was conducted at
the request of Col. Arthur F. Fisher, Cirector, American Cinchona
Plantation. It has obvious value frci small scale or emergency
operations when commercial chemicaly are not available. Caustic
to complete this operation could readily be obtained by leaching
ordinary wood ashes.

The report on ZeoKarb X Adsorption and a preliminary
report by Mr. Norman Applerweig, Consultant, are the background
against which the lon exchange recovery experiments at the Engineer
Board were conceived.
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ZEOKARB-X ADSORPTION EXPERIMENT

e

A - Cinchona Bark

e

T~ B - ZeoKard
}

C = Reservoir

D,D'- Pump

Da

DIAGRAM OF APPARATUS

The ZeoKarb tube was prepared in the following manner to
activate it:

The column was washed out with seven liters of 1 N. sul-
furic acid by means of the circulation pump. An equal volume of
water was then passed through the column. The speed of flow was
about 500 cc per minute. The flow was then reversed, i.e., up
through the column with an equal volume of distilled water, thus
totally flushing the 2ZeoKarb-X and allowing it to resettle firmly.

Preparation of the drug for extraotion:

Five pounds of the ground bark were mixed with ten pounds
of wetted, washed sand, then wetted to allow the drug to swell.
The moistened drug was packed into Column A and the apparatus was
then set up and sealed. The menstruum, which was % percent sulfuric
acid, was added (10 liters) to the system until it filled it wup
completely excepting Column B (which was still wet with distilled
water). Percolator C held excess menstruum. The drug macerated
for twelve hours.

Extraction of the drug:

The water pumps were started and the top rate of flow
was 120 cc per minute. This rate, however, gradually decreased
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to an average of 80 cc per minute, thus taking an average of a
little over two hours for a complete ocircuit of .the menstruum
through the system. The installation of the second pump was nec-
essary to pull the menstruum into Column B from A, otherwise
Column B would empty into percolator C too rapidly. The menstruum
from Column B was tested periodically and was negative to Mayer's
reagent, After 12 hours of running the menstruum from Column A
was still positive to Mayers' reagent. At the end of 20 hours it
was weakly so--at the end of 2, hours the drug was exhausted and
gave & negative test with Mayer's reagent. The Column A was then
unpacked and a sample saved for assay to check completeness of
extraction,

Of the original 15 pounds of drug-sand mixture, only 8
pounds could be packed in the percolator, so the remaining 7 pounds
were saved for another extraction and will be assayed as e check
before extraction.

Comments

If the drug were mixed with more sand the rate of flow
of menstruum could be increased so that the time for exhaustion
could appreciably be lowered.

The pumps were erratic at times and refused to pump the
menstruum, and at times would pump the menstruum from B to A faster
than from A to B, therefore a constant watch was necessary to pre-
vent the menstruum in Column B from falling below ZeoKarb-X.



PRELIMINARY REPORT

By Norman Applezweig - Consultant

It was necessary first to obtain basic facts as to the
adsorptian capacity of the ion=exchanger for cinchona alkaloidse
Quinine was chosen as a representative alkaloid and capacity deter=-
minations were run on a 200 ml. ZeoKard colum under standard ocondi-
tions, using quinine conoentrations of 1:100 and 1:1000 and flow rates
of 5 ml./min. and 50 ml./min. respectively.

In four experiments (la, Ib, Ic, Id), it was found that the
capacity of a 200 ml. bed of ZeoKarb for quinine from acid solution
(1S°H 804) was between 7 and 8 gms. before breakthroughe Total capa-
oity figures were not obtained, but are believed to be at least 30

percent higher.

In experiments Ia through d, ammoniacal alcohol (10%) was
used as a combined regenerant and elutriation solvent. In each case
enough ammoniacal alcohol was passed through until a negative Mayer's
test was obtained,

Experiments Ie and If, which are still in progress, are de-
signed to determine the efficiency of a two-step process where an
aqueous solution of ammonia or sodium hydroxide would be used as a
regenerant followed by alcohol as a solvent.

COMMENTS

The data obtained thus far is of a preliminary nature but
would seem to indicate the following:

l. Ion exchange equipment for cinchona alkaloid adsorption
should be designed so that 2,5 liters of ZeoKarb bed are
provided for every 100 gms. of alkaloid to be recovered.

2. Flow rates roughly equivalent to 25 ml./mine per liter
of bed for conoentrated solution (1:1100) and 250 mle/min
per liter of bed for dilute solution (1:1000) would seem to
be satisfactorys.

3¢ In a counterourrent system where the acid extraot would

pass through a series of exchangers, faster flow rates and
higher capacities are to be expected.
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L. Regeneration in experiments Ia through d showed that
ammoniacal alcohol is a satisfactory "one-step™ regenerant
and elutriation solvent. However, a great excess over
what was necessary was used. Actuelly, only enough ammon-
iacal alcohol should be used to regenerate the column and
then sufficient alcohol should be added to dissolve the
remaining alkaloids.

The two-step process using aqueous regenerant is being
studied because it will facilitate the handling of the
alcoholic solution of alkaloids. The presence of ammonia
during the concentration of this extract being definitely
objectionable. In addition, preliminary experiments have
indicated that the aqueous regenerant removes an appreci-
able amount of color.

5. Sufficient data has now been obtained to enable the
use of this process in recovering alkaloids from mother
liquor.

A series of acid extraction experiments should now be
run in which all mother liquors are run through ZeoKarb columns and
the alkaloids recovered and added and compared with those cbtained
by alkal.ne precipitation.

6. The results obtained thus far seem to incidate that
the ion exchange technique should prove a vety valuable
supplement to the acid extrection of cinchona insofar
as the overall efficiency may be improved by the recovery
of alkealoids which would otherwise be lost in the mother
liquor following alkaline precipitation of the acid ex~
tracts of the bark.

A second series of experiments was performed for the pur-
pose of evaluating the use of ion exchange technique in purifying
the crude totaquine obtained by alkaline precipitation of acid
extracts of the bark.

A standard totaquine, prepared by alkaline precipitation
of an acid extract of the bark, assaying 23.4% total alkaloids
and of a brick-red color, was used in these experiments. Twenty-
gram portions were heated and stirred with 500 ml. of .7 N. nésqh,
filtered and used as follows:

In experiment 1Ia, the extract was passed through a fresh
200 ml. of ZeoKarb at 5 ml./min. The effluent was found to be of
the same color as the original, positive to Mayer's reagent, but
showed no precipitation on the addition of alkali. (The original
extract exhibited substantial precipitetion upon addition of alkali.)
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The column was regenerated with 20 ml. of NH,OH (23%) in 200 ml.
of alcohol and was followed by alcohol until negative to Mayer's
test (total 500 ml.). The alcohol was removed by evaporation and
the residue made alkaline with NH4OH and shaken with CHCI}. The
major portion of the color remained in the aqueous phase and a
light yellow colored chloroform extract was obtained. This was
evaporated under an infra-red lamp, leaving behind an almost white
crystalline residue of approximately 2 greams. This was assayed
and found to be Q% total alkaloids (Method is very crude and
believed to be 29%).

In experiment IIb the same process wes repeated except
that the effluent from Ila was used to dissolve the totaquine and
the column was regenerated with 363 ml. of 1 N. NH,OH. A mixture
of 3 parts alcohol and 1 part chloroform was used as an elutria-
tion solvent, about 1250 ml. being required. The solvent was
evaporated under vacuum, the residue made alkaline and shaken with
CHClz, Upon evaporation of the solvent under an infra-red lamp
the residue was allowed to remain for too long a period and was
scorchede The weight was disregarded, since upon assay a consider-
able amount of carbonized material was evident. However, the pre-
paration assayed 84% T. A.

In experiment IIc a twenty-gram semple was again dissolved
with the aid of heat and stirring in 500 ml. of .7 N. BSQ, (undis-
solved residue approximately 9 gms.). The column was regenerated
and treated as in IIb and a white crystalline residue was obtained
weighing approximately 2.4 gms., which assayed 91% T. A, Notes No
moisture determination was run.

COMMENTS

1. According to these preliminary results it would seem
that ion exchange represents an excellent technique for
purifying crude totaquine preparations, improving solu-
bility (and consequently adsorption in the digestive tract),
appearance, and removing non-alkaloidal, non-ionic-conta=-
minants to give a pure alkaloidal preparation.

2. Further experiments are necessary before the efficiency
of the method can be calculated, however & recovery of at
least 52% has been demonstrated. Since the preparation
studled proved so insoluble upon attempted redissolution
in acid, it would seem that a major portion of the alka-
loids might have been lost by oxidation or complex-forma=-
tion in the original totaquine precipitate.

Further experiments should be made using freshly pre-
cipitated totaquine and more careful study should be made
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of the methods for preparing the totaquine solution prior
to passage through the column., The totaquine solution
should also be assayed prior to use.

3., Additional knowledge regarding the two-step regene-
ration-elutriation technique has been obtained in this
series, which would seem to indicate that this method

is as efficient as the one=-step,ammoniacal alcohol method.
The results confirm the fact that only a minimum quantity
of ammonia is required for actual regeneration.,

A mixture of chloroform and alcohol seems to show no
advantage over the use of alcohol alone .,

4. Information available at this time is that conventional
purification techniques (redissolution in acid and precipi-
tation by alkali or shuttling between acid and solvent)
rarely results in more than 25% alkaloid recovery.
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APPENDIX B

LATIN AMERICA REPORT

Item

Letter to Mr. Adler, F.E.A., from Captain Kaye, CE,
Subject:s Report of Acid Extraction Experiments

Review of Acid Extraction Research Program
by Lt. Ronzone

The Sulfuric Acid Extraction of Remijia Dark,
by Dr. Arthur W, Walde

Preliminary Vinegar and Acetic Acid Extraction
Experiments, by Dr. Arthur W. walde

Memorandum to Capte Kaye, from Dr. Walde,
Subject: Acid Extraction of Cinchona Bark

Colombia Cinchona Regions, by Lt. Ronzone

Memorandum to Capt. Kaye, from Lt. Ronzone, Subject:
Productive Capacity of Peruvian Quina Districts as
Given by Mr. Fox, Cinchona Mission, Lima, Peru.
Memorandum to Capt. Kaye, from Lt. Ronzone, Subject:

Cinchona Producing Areas of Ecuador

Illustrations

FIG., 19, Tabular Recapitulation, Series No. 1, Bogota

FIG. 20. Tabular Recapitulation, Series P and Series S,
Bogota

Fi1G, 21. Extraction~Time Curves
FIG, 22. Map, Colombian Cinchona Regions
FIG, 25. Map, Peruvian Cinchona Regicns

FIG, 24, Map, Ecuadorian Cinchona Regions
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July 8, 1944

TO: David Adler, Chief
General Commodities Division

THROUGH: Colonsl Arthur F, Fischer
War Department Liaison Office

FROM: Robert Lee Kaye, Capt., C, E.
SUBJECT: Report of Acid Extraction Experiments

As a result of intensive studies of conditions, research,
experiments, surveys, and field tests, we feel we have developed a new
acid extraction process and a practical low-cost mobile field unit.

These units are to be located close to the supply of cinchona bark,

The extraction of concentrated alkaloids are leached from the fresh stripped
bark without the necessity of drying and grinding, Each unit is capable

of processing three hundred to five hundred pounds of bark per day., Accore
ding to the South American survey, this is the average amount gathered

in any one location per day, The unit is designed to be mobile and can be
transported by mule pack. With little experience a unit cur be installsd
and ready for operation within forty-eight hours after a location has

been cleared and water is available. The equipment and the process were
designed to operate with a minimum amount of labor, Each unit will

require six average laborers and one supervisory foreman., A unit should

be located where there .s a minimum of thirty days supply of bark, When
this is exhausted the unit is moved to the next location and operations

are resumed,

The chemicals required for the process are common and readily
available, Each ton of bark requires less than one dollar's worth of
chemicals to produce the alkaloidal concentrate. Each ton of bark pro-
duces approximately sixty pounds of concentrated alkaloids, (This figure is
dependent upon the original content of the bark,) Therefore, instead o
transporting a ton of bark only sixty pounds are shipped,

At the present time this method extracts 75-80% of the alkaloids
present in the bark, However, there are indications that this can be
increased. Using 75¥ as a figure and comparing it with the figure of 90%
as reported by American manufacturers, the net results are about equal,
Figures to substantiate this are found in the experimental reports from
South America which are attached,

Although a great many acid extraction methods have been developed,
this is the first time within our knowledge that a mobile unit has been
designed to extract alk loids from fresh stripped bark without drying and

grinding.
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It is estimated that these units can be purchased in quantities
of ten or better for approximately $2500 per unit complete in the open
market, Considering the elimination of the cost of drying, grinding,
packing, freight, and the various losses which occur in the present
method of handling, the cost of a unit can be amortized in a relatively
short time,

Using this new method makes it possible to select the kind
and grade of bark to be processed, and if applied, will eliminate the
many bottlenecks now encountered in South America. As an illustration
the following quotation comes from the Ecuador survey report,

"The chief limiting factor in area #1 is the extremely

wet climate which makes it impossible to dry bark on

the spot, Approximately one~half of the bark produced

in this area is now transported a distance of ten to

twenty miles to a desert area where drying is possible,

If the drying were eliminated production could be doubled,"

At the present time the purchase price of bark is determined
by assays made with dry bark, This method is always subject to dispute
because of the variance that can occur in making these assays. By the
use of this new method bark would not be purchased; instead, the concen~
trated alkaloid would be contracted for. The assaying of the concentrate
is much simpler and more accurate, and therefore, would eliminate a great
deal of the dispute between producer and purchaser.

In making the survey through Latin america, the American Embassies
and the offices and laboratories of the Foreign Economic Administration were
visited, The plan was explained and discussed; and as a result of these
conferences it is suggested, for political as well as practical purposes,
that units be put in operation simultaneously in Guatemala, Colombia,
Ecuador, Peru, and Bolivia, By operating these units simultaneously, it will
be possible to observe conditions in the various countries and the results
obtained, which information will be readily available for use in deter-
mining future policies and programs,

All of these units should be of the mobile type with the excep-
tion of the one in Guatemala, There the unit should be of a more permanent
nature with a processing capacity of one ton of bark per day. In view of
this recommendation and the present situation in Guatemala, it is suggested
that the harvesting of bark be reduced to one ton per day.

The cost of the first units are estimated at $5,000 per unit or a
total of $25,000, In Guatemala it is planned to use the existing equipment
to make up the difference of cost between a mobile and a permanent one-ton
unit, These units would be useful in demonstrating this advanced method

of extraction to the many private producers,

This process will contribute toward the continuation of cooperative
relations between the United States and Latin America. It places in the
hands of the many people now engaged in the stripping and handling of bark



a new method that can be continued, and which provides an inexpensive
means of producing anti-malarials which can be distributed or sold
very cheaply to the native population. In addition to this, the United
States will be in an advantageous position for obtaining a large supply
of quinine rapidly whenever necessary.

This process will be of immeasurable value to the permansnt
plantations now being fostered by the United States in Latin America.
By the tims the bark from these plantations is ready for harvesting, the
‘process should be greatly advanced, and the acid extraction method should
become an accepted part of the procedure necessary for producing quinine
from cinchona bark,

There are several methods that can be employed to purify the
alkaloid concentrate., It can be shipped to the United States or used
by Latin American manufacturers who are now engaged in processing dry
bark, By the elimination of large bulk materials these manufacturers
can increase the production of their own end product several times over
at a reduced cost. It is suggested that these various mmufacturers be shown
the units in operation and the advantages pointed out to them, They may
be interested in setting up and comtrolling a number of these mobile units
themselves,

A great many of our experiments were conducted at Rutgers
University using dry bark, With the select information obtained from these
experiments, we repeated them in South America using fresh bark, The
experiments conducted in South America proved successful, Attached to
this report are copies of the experiments conducted at Rutgers as well
as those conducted in the field, Also attached is a survey report,

We cannot help but feel that by our method lower costs and conse-
quently a wider distribution of anti-malarials through Government and
private means, would be effected, and that this would materially aid in
improving the healih conditions of laborers in Latin America; thus adding
many man-hours to the production of other products necessary to supply the
industries of the United States with vital materials.



REVIEW OF ACID EXTRACTION RESEARCH PROGRAM

These notes and comments are based on an exhaustive ex~
amination of all laboratory reports, the Latin America Survey, con-
versations with Colonel Arthur F. Fischer, members of the Cinchona
Mission of FEA, several cinchona producers of South America and
others connected with or interested in the Acid Extraction Research
Program. Recommendations for further research and reasons for such
are included.

The Problem:

Until the Japanese occupation of Java and the Malay penin-
sula all save an insignificant quantity of the world's supply of
cinchona alkaloids was produced in that area. These alkaloids are
available in South America and at various times in the past large
amounts of cinchona bark have been exported from that source. How-
ever, by 19,41 Latin American production of cinchona bark had fallen
off to a very low level.

Several small alkaloid extraction plants have been operat-
ing in Latin America for many years, some of them having been set up
as & part of the League of Nationg totaquina program. However, the
maximum production capacity of these nlants is not sufficient to
supply more than a small part of the antimalarials needed for local
consumption. With the cutting off of the Asiatic Zone as a source
of cinchona alkaloids, it became necessary to exploit the South
American stands of wild bark to their maximum capacity in order to
obtain the enormous supplies of entimalarials required for mili-
tary operations in malarious areas. The resultant slaughter harvest
of these stands and its attendant difficulties gave rise to several
problems.,

1l.) The ever-increasing difficulty of transportation
from point of harvest to shipping point. This problem grows pro-
gressively more acute as the more accessible stands are depleted
and operations carried farther from available road facilities. In
several regions work has progressed so far into the mountains that
bark is being transported for two days or more on the backs of men
before it reaches an access road. In one region at least there are
two men engaged in transporting bark for every one that is engaged
in actual harvesting. This, in addition to trebling the cost of
harvest, creates a labor problem which limits production to about
one-third of the potential capacity of the region.

2.) The rapid exhaustion of readily available supplies

of high grade bark suggests another problem. Though the existing
supplies of usable bark in South Americe have by no means been fully
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exploited it is fairly obvious that if the Western Hemisphere 1is
to have any assurance of being able to supply its own needs in
this field, some effort will have to be made to keep Latin America
in the cinchona business. This can take the form of the develop-
ment of plantations or of providing some means whereby wild stands
can be exploited on an economical sustained yield basis. Since a
considerable time lag is to be expected in the development of pro-
ducing plantations both means may well have to be employed, at
least temporarily.

3.) According to a report issued by the National Research
Council, the greater part of the bark so far harvested in South
America is low or lacking in quinidine and that for this reason,
existing stocks of this essential drug have fallen to dangerously
low levels. In an attempt to alleviate this shortage, the Nationa)
Research Council, among other things, has requested the Foreign
Economic Administration to exploit the quinidine-bearing cinchona
species of South America to the utmost.

The most promising species for this purpose is probably
Cinchona pitayensis. The region in which pitayensis is found extends
Trom the Nevada de Huila in Colombia to about the latitude of Quito
in Ecuador. Exploration is as yet incomplete but it appears that
the species occurs in scattered stands on the three cordilleras of
Colombia and the two of Ecuador throughout this entire belt, at
altitudes above seven thousand feet.

The unfortunate fact that the above region is one of the
most inaccessible yet explored, plus the habit of the species of
g-owing in extremely scattered stands, almost as isolated plants,
creates an unusually difficult transportation problem which must
be solved before any great quantities of quinidine can be obtained
from this source.

L.) Not the least of the sonsiderations involved in the
Latin America cinchona industry are its diplomatic aspects. The
most immediate, though not necessarily the most important of these
has to do with the maintenance of good will on the part of the oin-
chona producers. Agencles of the govermment of the United States
have put many Latin Americans into the cinchona industry and encou-
raged them to expand. Most producers, giving heed to previous
experience in this field, have persuaded themselves that when the
present war emergency has passed the cinchona supply will be per-
mitted again to fall into the hands of those who previously ocon-
trolled it, and that Latin American producers will, as before, be
unable to compete. This may be one of the reasons why Latin American
capital has been so sluggish in this field. If the cinchona alka-
loid market is permitted to seek its own level then the only way
to keep the Latin American producer in business will be either to
subsidize him or to enable him to put the industry on a basis that
will permit him to compete. One way of accomplishing the latter
would be to provide an extraction method which would be cheap, simple
efficient and tend to minimize the problems of transportation and
labor.
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Another way in which Pan American relations might be
served would be in the providing of a method whereby the Latin
American countries could produce a cheap antimalarial for their
own use and in quantities sufficient to meet their own require-
ments. Here agein an inexpensive plant that is mobile or port-
able seems to be indicated.

5.) In addition to its function in solving the produc-
tion and social improvement problems of South America, a portable
alkaloid extraction plant could play an important part in the re-
habilitetion of cinohona producing areas in the present war zone
as they are recovered from the enemy. This was recently pointed
out by Colonel Fischer in a conversation concerning the recon-
struction problem faced in the Philippines.

INITIAL WORK IN ACID EXTRACTION

In 1941 Major Kaye and a consultant chemist undertook to de-
velop a feasible method of acid extractions Their experiments, using
the standard grinds of ordinary commercial dried bark, were in-
tended to explore the possibilities of developing a cheap method
of extraction for low grade cinchona barks. Conversations between
Major Kaye and Colonel Fischer concerning the exorbitant cost of
transportation and the need for an inexpensive febrifuge for local
consumption led to the consideration of the acid extraction method
for high alkaloidal barks as well,

At this same time an independent series of experiments
was being carried on by Mr. Martin Ulan of the faculty of Rutgers
College of Pharmacy. Mr. Ulan's work, also on acid extraction
was directed toward the development of a quick method of quantita-
tive alkaloidal determination that would be adaptable to use in
the field as a guide to purchasers of cinchona bark. (Rutgers
report). In December of 1342, Mr. Ulan having heard of this
parallel program arranged, through the office o. F.E.A. Cinchona
Section, for a conference with Major Kaye. Upon comparing notes,
it was decided that it would be advantageous to pool their efforts
and at the request of the Foreign Economic Administration, Major
Kaye was placed on temporary duty at Rutgers for this purpose.
Shortly thereafter it was decida>d to explore the possibilities of
& hypothesis postulated by Major Kaye that the inherent inefficiency
of the acid extraction method would, if the process were operated
as a field unit and used fresh (undried) bark, be more than offset
by the losses that commonly occur during the drying and shipping
of the commercial product. It was further postulated that by extract-
ing to & highly concentrated substance at the source, a real saving



in the cost and effort of transportation would be realized. To
determine a feasible field technique and explore the matter of plant
design a program of preliminary investigation was set up at Rutgers
College of Pharmacy under the co-direction of Major Kaye and Mr.
Ulan.

EXTRACTION TECHNIQUE

In the course of investigating various methods of mace-
ration the question of the proper size of grind was raised. It
was reasoned that in acid extraction, as in any osmotic system,
ionic exchange will take place between the two phases until an
equilibrium is reached. Though it is obvious that by this method
one could never attain complete exhaustion of the alkaloids it
appears none the less probable that a satisfactory percentage
could be thus extracted without the necessity of changing the
solvent solution, i.e., lowering the ion concentration of the out=-
side phase too many times. The speed of this reaction will be
governed by the size of the pleces of bark and the permeability
of the cell walls., In this latter respect "fresh" bark should be
more easily extracted since its cell walls still retain their high-
ly permeable nature. It has been demonstrated that as high as 76%
of TCA can be extracted from one-half inch chips of fresh bark of
an original TCA of 4.3%.

In all macerations performed at Rutgers ordinary commer-
cial cinchona bark was used. An attempt to secure a reasonable
approximation of fresh bark by shipping preserved material from
the finca at El Porvenir in Guatamala proved unsuccessful, so it
was necessary to conduct a further series of tests in the cinchona
producing countries of Central and South America using freshly
harvested bark,

Several series of experiments were run at Rutgers, some
of them duplicated with fresh bark in latin America for the purpose
of determining:

l. Kind of acid best suited to the process.

2. Optimum concentration of acid.

3« Required length of maceration period.

L. Required number ¢ changes of solvent solution.

5. Effect of stirring, circuletion of solvent, etc.

6. Influence of heating on speed and efficiemncy of
process.

7. Efficiency of an ion exchange process.

1.) The tests as to kind of acid best suited to the pur-

pose involved the use of sulfuric, hydrochloric, acetic and a so-
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